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400 miles of Integron 





NEARLY 400 MILES of extended surface tubing has 
been ordered for the heat exchangers of Bradwell 
and Berkeley power stations. And every single foot of 
— it will be supplied by the Metals Division of I.C.I. 


% INTEGRAL - 
« ¢ G FINNED 


TUBING 





This is only one of the many 
important contributions made 
by I.C.I. Metals Division to 
— the development of nuclear 
engineering 
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wi sew! First in Nuclear Metals 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, $.W.I. DIVISION 
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COMPLETE SYSTEM ENGINEERING 


REACTOR INSTRUMENTATION TURBINE AND GENERATOR 
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HEAT EXCHANGER 


INSTRUMENTATION BURST SLUG DETECTION 


PANELS AND INSTALLATIONS SAFETY CIRCUITS 


COMPLETE INSTRUMENTATION 
FOR NUCLEAR POWER STATIONS 


Elliott Brothers (London) Ltd. have supplied instrumentation to Calder Hall ‘A’ and ‘B’ 
Power Stations and to the research reactors of the U.K.A.E.A. In addition to the Company’s 
contribution to the C.E.A.’s programme, it has been entrusted with the development of 
control and safety systems for Britain’s first nuclear submarine, H.M.S. Dreadnought, 


and has supplied and installed all the instrumentation for the Zero Energy Experiment. 


ELLIOTT BROTHERS (LONDON) LIMITED, CENTURY WORKS, LEWISHAM, LONDON, S.E.15 


e TELEPHONE: TIDEWAY 1271 
4 MEMBER OF THE ELLIOTT- AUTOMATION GROUP. 
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The principle of the damping system: 


M = Servo-motor: two-phase induction type. Two stator windings energised 
from mains, two (with 90° phase-shift) from output stage of push-pull 
amplifier. Direction of rotation phase-dependent on amplifier input signal. 


G Tacho-generator, mechanically coupled. Delivers voltage linearly 
proportional to speed of slide-wire contact. 


Vi: V2 = Amplifier. First stage (VI) adjustable. Voltage generated by G fed 
back into V2. Output from amplifier applied to servo exerts braking action 


on rotor. 





No overshoot with this 
potentiometric recorder 
by PHILIPS 


In an instrument with a fast response time, accuracy 
demands that the measures taken to arrest momentum must 
be more than usually effective and always critically 
sensitive. Over a full scale-length of 25 cm., most versions 
of potentiometric recorders by Philips have a balancing 
time of only one second and a positioning accuracy 

of 0.1°,, of the total measuring range. 

For the measurement and control of practically any 
variable reproducible as an electrical signal, there is a 
Philips potentiometric recorder to match the need. 

We welcome your enquiries. 
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PHILIPS ELECTRICAL LTD 


RESEARCH AND CONTROL INSTRUMENTS DIVISION 
=== 
\ Century House * Shaftesbury Avenue * London * W.C.2 


Telephone : GERrard 7777 
(PRCO265) 
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high voltage 
ENGINEERING 
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Impulse 
Generator 


A new range of Impulse Generating 
equipment has been designed for volt- 
ages between 100 and 750 kv. 

It is complete with single sweep oscil- Ie 
loscope and measuring sphere gaps. 
All Generators are built to customer’s 
specification. The smaller models are 
built in London and shipped complete. 
The larger models are built on site by 
our own staff. 
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A 350 kv. Generator 
complete with cap- 
acity divider — the 
ball gaps are re- 
motely controlled 


from the desk. 


10 


CYCLES TO FRACTURE 





The control desk, 
with charging unit 
incorporated, com- 
plete with single 
sweep oscilloscope 
and camera. 











° -|}/-|-\ HE HIF 
e LONDON 91-93 PRINCEDALE ROAD, W.I!. Phones:- PARK 5073/5 


MANCHESTER TENAX ROAD, TRAFFORD PARK TRAFFORD 0700 
SPECIALIST MANUFACTURERS OF HIGH VOLTAGE GENERATING, 





INSULATION & MEASURING EQUIPMENT 
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CYCLES TO FRACTURE 



















ACUUM MELTED STEELS 
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STRENGTH RUPTURE LIFE STRENGTH 
OF CARBON OF CAST G34 OF CAST G34 
CHROMIUM (COBALT BASE (COBALT 
BALL RACE ALLOY) TESTED BASE ALLOY) 
STEEL AT 17-0 TONS, 


SQ. IN. AT 750°C 


WILLIAM JESSOP & SONS LTD BRIGH 


ONE Of THE B.S 


Jessop have the name for TITANIUM 


It’s ¥ Details on request 
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a great step 
forward in steel 


Once again Jessops make a contribution to 
metallurgical technology of first importance, 
in producing on a commercial scale 

steels melted in Vacuum. 


Vacumelt Steels have these 
outstanding features 


GREATER PURITY 
Freedom from impurities means greater safety 
in highly stressed components. 


IMPROVED DUCTILITY 
Particularly in directions at 90° to grain flow. 


GREATER STRENGTH 

Comparative tests against air melted steels 
have shown Vacumelt steels to have in most 
cases superior tensile, creep and fatigue 
qualities. Actual test results are shown. 


AVAILABILITY 

Vacumelt steels are readily available in most 
qualities. Ingots up to 2 tons can be produced 
and also blooms, billets, bars, forgings, 

sheet and strip. Among the many applications 
demanding the freedom from impurities 
offered by Vacumelt steels the following are 
obvious :— ball races and bearings, 
compressor blades and discs, 

turbine blades and discs, high grade 

polished sheet, certain high finish tools 

and dies, fine gauge steel wire. 


TSIDE WORKS SHEFFIELD 


Cc A 
CC NIES 


Write for full technical data 
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recent contracts include 
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ASHWELL & NESBIT LTD, 


HEAD OFFICE: BARKBY ROAD, LEICESTER 
LONDON: !2 GREAT JAMES STREET, W.C.1 


il 


. 
li 





— se 
BIRMINGHAM (4): 12 WHITTALL STREET === 
. MANCHESTER (13): 184 OXFORD ROAD 
BY APPOINTMENT 1 LEEDS (6): 32 HEADINGLEY LANE 
awe iat 9 GLASGOW : 15 FITZROY PLACE, C.3 


& STOKER MAKERS 


BELFAST: 14 CORPORATION STREET 


A NATION WIDE ORGANIZATION TO DEAL WITH ANY TYPE & SIZE OF CONTRACT 
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NOTE THE AERODYNAMIC DESIGN 


















“GYRA-FLO AIRFOIL” 
IMPELLER BLADES, 
BLADE SHROUDS 
and INLET CONES 


. combine to provide 
“Gyra-Flo Airfoil” Fans with 
efficiencies of over 90%. 
Efficiencies of over 70% are 
maintained over 55% of the 
operating range and a reduction 
of 25%, in absorbed horse-power 
is effected. 


| Our Engineers 


| will be pleased 


| to advise. | 


AIRFOIL 
CENTRIFUGAL FANS 








THE MIDLAND HEATING & VENTILATION CO. LTD. 


BIRMINGHAM :- ViCtoria 3781 ° GLASGOW :- BiShopbriggs 2667 ° STOCKPORT :- WOOdley 36I1 





NUCLEAR POWER APRIL 1958 a 











Tick No 6 on reply card for further details 


aw 
XM 


y= 
be 
K/h 

W 











THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 


BURGESS PRODUCTS CO. LTD., MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322. Telex: 53-229 
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As the size of gas-cooled reactors 
increases, use of computer technique for 
burst slug detection and display, 

in place of the earlier recorder methods, 
becomes essential. The many advantages of 
a computer technique are illustrated 

by equipment now being made by 

Sunvic Controls. 






































ee 
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* Compact display with flexible programming facili- 
ties allows presentation of only that information 
required for immediate assessment of abnormal 
activity. 


*%* Individual channel group reference levels and 
differential limits: magnetic memory drum for 
previous 24 hours readings; facilities for averaging 
past values. 





* All results calculated to three significant figures 
—no calibration errors. 





Completely self-checking circuitry with built-in 
fault-finding facilities. 














The burst slug detection display system 
described above (for which patents are 
pending), was wholly developed by 
Sunvic engineers, who are available to 
discuss its application to any power 
reactor. Please contact: 

SUNVIC CONTROLS LTD 
P.O.BOX1 - HARLOW . ESSEX 
Tel: Harlow 25271 







An artist's impression of the gas activity monitoring display 
equipment being built for C.E.G.B. use at the Berkeley nuclear power 
station by Sunvic, who are also supplying instrumentation 

for the boilers and blowers. 


Not only instrements but complete insturmentation 


= a for integrated monitoring, control and data handling of nuclear reactors and industrial processes. 





An A.E.1. Company 
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CALDER HALL ‘A’ 
CALDER HALL ‘B’ 
CHAPEL CROSS 
DOUNREAY 











are pleased to announce that they have 


been awarded contracts for supplying 


batteries and associated equipment for 


HUNTERSTON 


(Sub-Contract from the General Electric Co. Ltd.) 


BRADWELL 


(Sub-Contracts from The Nuclear Power Plant Co. Ltd., and A. Reyrolle & Co. Ltd.) 


Tudor have also supplied batteries and associated equipment 





Specialists in battery work for nuclear power stations 


THE TUDOR ACCUMULATOR COMPANY LTD., 137 VICTORIA STREET, LONDON SWI TEL: TATe Gallery 0307 


WORKS: DUKINFIELD, CHESHIRE TEL: ASHTON-UNDER-LYNE 1651 











to the following nuclear power stations: / 


(Supplied under sub-contracts from: 
A. Reyrolle & Co. Ltd. d 
The English Electric Co. Ltd. I 
Brush Electrical Engineering Co. Ltd.) 


T.170 








As 
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increases production in the Electrical Industry. No.1 


The new water-cooled stator, 
made by Metropolitan-Vickers 
Ltd. for the Central Electricity 
Authority, showing the hose 
assemblies in position. These 
are made from ‘Fluon’ p.t.f.e. 
C.D.1. The generator has heen 
running for 14 months at the 
Bold Power Station of the 
C.E.A. North West Division. 





‘ J e 
Fluon ina new 


water-cooled turbo-generator 


—- PROBLEM in the design of large generators is the 
cooling system. With the introduction of hollow 
conductors it became clear that water would be the best 
cooling agent if only the problems of feeding the water to 
and from the conductors could be overcome. ‘Fluon’ is 
playing a key part in solving these problems. 

In this new water-cooled generator the flow of water is 
from one end to the other through all the conductors in 
parallel, passing through insulating hoses to each con- 
ductor while similar hoses at the other end carry the water 
to the outlet manifold. 

These hoses must have a service life comparable with 
other components used in the construction of electrical 
machines. They must, therefore, withstand shock and 


ee ee Oe © ey See 


PF.36 


IMPERIAL CHEMICAL 
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INDUSTRIES LIMITED 


vibration, operate at elevated temperatures and resist 
corrosion and degradation due to ageing for an indefinite 
period. A wide range of hose materials, including metals, 
rubbers and plastics, was examined and all with the 
exception of the coagulated dispersion polymer of tetra- 
fluoroethylene (‘Fluon’ C.D.1) failed to meet these 
requirements. 

‘Fluon’ C.D.1 possesses all the remarkable properties 
of p.t.f.e. and in addition extruded tubes have a service 
life far beyond the range of traditional hose materials. 

*Fluon’ C.D.1 has been developed not only as a material 
for the extrusion of thin wall tubes and insulating sleeves 
but also for sheathing electric wires and cables. In parti- 
cular it is an ideal insulator for equipment wires. 


‘Fluon’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by I.C.1. 


LONDON - 3.W.1. 


ag 
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A machine shop specially 
established for machining graphite 
under “Clean Conditions’’ is now 
in operation at our Hayes Works. 
This new department supplements 
our already extensive facilities 
for machining commercial 
graphite and is fully equipped 
with specialised plant for high 
precision work, It is capable 

of producing all types of graphite 


components for nuclear purposes. 








These photographs 





show the graphite for the 
NATURAL URANIUM GRAPHITE 
MODERATED EXPONENTIAL 
2 EXPERIMENT at Imperial 
—““ —_— College, London being machined 


Am gd Naat ~~ —_ — oa = : in the new department. 
iy ~~ a, Further facilities for precision 
a a 

» machining of full production 


quantities under ‘‘Clean Conditions” 


are now being installed. 


i. ai 


Powell Duffryn 


CARBON PRODUCTS LIMITED 


oe eae SPRINGFIELD ROAD, HAYES, MIDDLESEX 
TELEPHONE: HAYES 3994 
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OUR VALVES HAVE y 


MANY FACES 


Did you know that each one of our automatic 
control valves has a personality of its own? 
Take ‘Safety Cut-out’, for instance. 

Now, he’s a careful type who shuts up like a clam 
whenever his electrical circuit is disturbed 

and flatly refuses to allow either liquids 
or gases to pass. Or there’s ‘Balanced 3-way’. 
This fellow is a leader and controls 

other chaps doing all the hard work — Pneumatic 
and Hydraulic cylinders for example. 

We have over 100 different ‘types’ of valves 

for every kind of automatic or remote 

control system involving water, steam, coal gas, 
oil, air and many other industrial 

liquids and gases. They don’t use glands, 
stuffing-boxes or driving shafts and, 

what's more, they have a reputation for 

hard work, long life and the utmost reliability. 
Full technical details of this family 
of automatic control valves are contained 
in our new brochure No. 402. 






ae 


ABBE. 


om ects 


ESR 


Tick No 11 on reply card for further details 


" IS hecnp gen 
ila 










in? 


"Sere, 
wees 






ete, 





Bsn se 


~g 


Well over 100 of them, 
in fact. A ‘type’ to suit 


- 


every requirement. 


MAGNETIC VALVES ARE USED EXTENSIVELY IN 





AIR CONDITIONING 
AUTOMATIC STOKERS 
BOILERS 

CENTRAL HEATING 
CRUCIBLE BAKING OVENS 
DYEING 

GAS GENERATING PLANT 
HYDRAULIC & PNEUMATIC 
CYLINDER MECHANISMS 
HOT WATER SERVICES 


LAUNDRY PLANT 
MACHINE TOOLS 
OIL BURNERS 
REFRIGERATION ' 
NUCLEAR POWER PLANT U 
STERILISING PLANT ‘a 
STEAM TURBINES i 
TINNING BATHS 

VACUUM PUMPS ] 
VENTILATION [] 





goooooooooeood 


Why not write NOW for your copy? 


The Magnetic Valve Company Ltd 


4 28 ST. JAMES’S PLACE, LONDON S.W.1 + TELEPHONE HYDE PARK 7588 








Mv2 


All 
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You can leave a high temperature 
layer out when you insulate 


with cAPosITE. As blocks or as 





preformed sections, direct contact 


with the hot surface up to 1000°F 

















will not affect cAPOSITE’s thermal 
efficiency, which has been rated 

as high as 98% under test. This 
means that, without extra heat loss, 
you have a ‘one-layer’ insulation 
that can be removed and 

replaced without mess any number 


AER ae of times, easily and cheaply. 


CAPOSIT 


single layer insulation 





Apply direct 
—and remove and 
replace indefinitely 


Made from the uniquely long-fibred 
South African asbestos known as 
Amosite, CAPOSITE has a low 
breakage loss in transportation or 
storage, and its inherent strength 
enables it to be handled efficiently 
in large-size blocks and pipe 


Cape section diameters and lengths. 


CAPOSITE. 


Amosite Asbestos Blocks and Pipe Sections 


Write for full technical details to: 

THE CAPE ASBESTOS COMPANY LTD. 114 & 116 Park Street, London, W.1. Tel: GROsvenor 6022 
and at GLAsGow: Eagle Buildings, 217 Bothwell Street, Glasgow C2. Tel: CENtral 2175 

MANCHESTER: Floor D, National Buildings, St. Mary's Parsonage, Manchester 3. Tel: Deansgate 6016-7-8 

BIRMINGHAM: 11 Waterloo Street, Birmingham 2. Tel: Midland 6565-6-7 

NEWCASTLE: 19 & 20, Exchange Buildings. Newcastle. Tel: Newcastle 20483 


TA 295 
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FIXING DEVICES 


FOR CONSTRUCTIONAL RA WELLMAN GERS 


WORK IN CONCRETE 


Rawlhangers, as illustrated, used in place of struts, offer two very impor- 
tant advantages. Not only do they, by eliminating strutting, provide a 
clear working space free of all obstruction, but they leave embedded in 
the ceiling tapped nuts, to which can be attached hangers for carrying Pipe 
Work, Shafting, Ventilator Ducts, Cable Racks, etc. A further point is 
that if desired, any particular one or all floors can be worked on at the 
same time. 

Rawlhangers, together with Rawloops and Rawlties are designed to facili- 
tate the speedy erection, dismantling and re-erection of formwork for all 
types of concrete work. This is achieved by providing anchorages to 
which the shuttering can be fixed and from which it can be removed in a 
matter of minutes. 

















SOME OF THE ADVANTAGES 
OF THE RAWLHANGER METHOD 


ke eee I. Easy and rapid assemblyand striking 
esi) / of formwork; hence great saving in 
EECES labour costs. 


CLADDING R.S.J.'s USING RAWLHANGERS, WOODEN SHUTTERING, BEARERS, ETC. 





eer ell ° CLOPLEEELEDLO CLD 4 , mame 
SAL PEPL CIMA OE Hee 











SPUTTERING 
~ 
~ 


a, 
RAWLHANGER 








2. Perfect alignment. 
3. Effective stoppering. 


Adaptable to all forms and types of 
construction. 





a 


BHUTAN 25% \'s “4 } | oa | ee / / |. surreuns 
surroat y : + aa 23 N BS hey jv) V suevoar ° . 
f i E 5. Saves material, struts not required. 
6. Bolts re-usable. 











For further information write to Technical Service 
Department. 





BEARER 


























Fins WASHER * — ia sours , THE RAWLPLUG COMPANY LTD., LONDON, $.W.7 








THE OLD METHOD 


Where props are used to 
support the shuttering, the 
freeway is completely blocked 
thus stopping the flow of 
traffic. 





THE RAWLHANGER METHOD 


Props eliminated, thus allow- 
ing free flow of work and 
traffic below concreting 
operations. 


aN Se 
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HEAT 


SPEEDS PRODUCTION 


Air at 
ambient 
temperature 


The application of heat at a certain point will increase the efficiency of — and 















speed up — many industrial processes. A way of proved efficiency 
to apply heat — and sometimes the only practical way —is by means 
of HOT AIR. This can be done by using a centrifugal fan to 
blow air through a specially designed heating chamber 


and directing the hot air to the required spot. 


Re-entrant Heater 










This new addition to the Secomak range has % 
been designed to produce exceptionally high 
temperatures with lower loadings. Temperatures yy 
25% higher than those from standard heaters are now y 
obtainable with similar loadings—or equivalent % 
temperatures with loadings 25% to 30% lower. 










Higher temperatures 
at lower loadings ! 









«+ « just one of the answers 
Y to production lags 
” provided by the 


A wide range of standard Hot Air Blowers for 
permanent installation, together with portable REG® 
units, is available. Both types cover a range 
of capacities and temperature up to 900° F. 
Any of these units can generally be adapted to range of 


your Own requirements and built into your 
own machinery. Ask for Data Sheet 130/53. industrial blowing 
and suction equipment 





The range also includes sound signalling appliances for marine and industrial use 


SERVICE ELECTRIC CO. LTD. HONEYPOT LANE, STANMORE, MIDDLESEX. 


Manufactufing Electrical and Mechanical Engineers. Contractors to Admiralty and Ministry of Supply. A.1.D. approved. ba EDSware 5566/9. 
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r G3 ROLL-O-MATIC 
(Patents Pending) 

t. A self-maintaining 





filter with a renewable 


curtain of bonded 
glass fibre. More 
Roll-O- Matic filters 
are in service than 
any other make of 
filter of this type. 


ROLLOTRON 


(World Patents Pending) 
A unique combination 


of high cfficiency 
electrostatic 
precipitation and 
automatic renewing 


media. 


MULTI-DUTY 
An original design 


of positive self-cleaning 
viscous impingement 


filter. 


CYCOIL 


A compact filter 


combining centrifugal 
separation and viscous 
impingement ; specially 


developed for air 


compressors and large 


diesel engines. 
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AUTOMATION 


FILTRATION 


Filter maintenance is a thing of the past with 
our range of self-maintaining filters. Once 
installed, they work automatically and need 
little more than routine inspection at infrequent 
intervals. May we send you full details? 


AIR CONTROL 





INSTALLATIONS LIMITED 


RUISLIP 
LONDON - BIRMINGHAM - 


MIDDLESEX 


RUISLIP 4066 


MANCHESTER + NEWCASTLE: GLASGOW 


Air Control Installations Ltd are the sole manufacturing licensees in Great Britain for products of the 


American Air Filter Co., Inc. 


DUST 





FILTERS 


FANS 






































DUST COLLECTORS : AIR CONDITIONERS 


FILTERS 
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for DOUNREAY 


This 33 Ton Rotating Gantry 
Crane is now installed at the 





yeti shoe Seg . 


eg! SS 











Charge Face in the Reactor Sphere. 











It is 115 feet long and 50 feet : 
high. It was delivered precisely & 
on time. 











J. H. CARRUTHERS & CO. LTD., 27 HAMILTON ST., GLASGOW, S.2. London Office: 








Abford House, Wilton Rd., Victoria, $.W.! 
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call in 
the 
specialists 













Specialists for 30 years in the manufacture of me- 





chanical materials handling aids for every industry, 
Paterson Hughes produce the finest complete schemes 
and equipment to suit any application. A satisfactory 
materials handling scheme, designed to fulfil specific 
requirements effects considerable economies of labour 


and space. For the major step to higher production, 





consult 


: 


4 . 
4 
LOEO (6 C0 = 


ae 


COMMA 


ATERSON HUGHE 


JATERSON HUGHES 


ENGINEERING COMPANY LIMITED 


MECHANICAL HANDLING =‘& 
ENGINEERS AND CRANE MAKERS 


NOFORD WORKS - MARYHILL - GLASGOW - TEL MARYHILL 2172-4 
BEDFORD HOUSE - BEDFORD ST - LONDON + WC2 - TEL TEMPLE BAR 7274-6 
3 HIGHFIELD RD - EDGBASTON - BIRMINGHAM - TEL EDGBASTON 2957-8 
8 CHATHAM ST - PICCADILLY - MANCHESTER - TEL CENTRAL 6623 
PATERSON HUGHES ENGINEERING SA (PTY) LTD - PO BOX 811 JOHANNESBURG 
P.4334 
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equipment 
for nuclear engineering 











For conveying gases and corrosive fluids at extremes of 
high and low temperature. Available up to 4 in. diameter. 


1 
1 
1 
\ 
I 
Stainless Steel FLEXIBLE PIPE ASSEMBLIES 
! 
' 
| 
' 
' 


BELLOWS and BELLOWS ASSEMBLIES 
For use in gas and fluid ducting 
systems for control of expansion 
or contraction, and to allow for 
misalignment and duct movement. 
Other applications include shaft 
seals and glands. Available in 
stainless steel and other metals. 


High Pressure 
SWIVEL PIPE COUPLINGS 


and Flexible Tubes for hydraulic 
circuits operating at pressures 
up to 4000 p.s.i. 


ELECTRICAL CONDUIT 
and Wiring Assemblies and Support Clips. 


TECHNICAL DATA IS AVAILABLE ON REQUEST 





New industries draw on the experience of older indus- 
tries—and Nuclear Engineering is no exception. 

At AVICA we find our specialized knowledge of flexible 
pipe and coupling design as applicable to the Nuclear 
field as it has been for so long to older branches of 
engineering. For reliability and accuracy with AVICA 
have always been regarded as prime qualities. 

As a result, AVICA equipment is available for use in 
Nuclear Engineering with the same high standards of 
design and quality which apply in aircraft, marine and 
other specialized branches of industry. As in every 
other field of engineering, the maxim is consult AVICA 
if you have a flexible pipe assembly problem. 

AVICA PRODUCTS are used by the U.K.A.E.A. and 
throughout the Nuclear Engineering field. 


AVIGA EQUIPMENT LIMITED 


Mark Road, Hemel Hempstead, Herts.Tel: BOXmoor 4711 (6 lines) 
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Uranium-to-can Heat Transfer 


In a nuclear power reactor metallurgical 
considerations impose a limit on the 
temperatures that can be allowed in the 
uranium fuel rods. At the same time it 
is essential, for efficient heat transfer to 
the gas, that the can should be as hot as 
possible. It is thus necessary to determ- 
ine the temperature drop that will occur 
between the centre and the surface of a 
fuel element. 

The temperature drop between the 
centre and surface of the uranium is 
calculable by straightforward methods, 
but at the uranium/can interface a fur- 
ther drop takes place since the metal 


THI 
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faces are not perfectly smooth. This can 
be determined only by experiment. 


At the Erith laboratories of the G.E.C. 


the apparatus pictured above is used to 
measure the temperature drop as a func- 
tion of surface temperature, for a variety 
of uranium surface finishes and with 
different gas fillings in the cans. One 
end of a cylindrical rod of canning mat- 
erial is heated, and heat flows along the 





LTD 


MAGNET HOUSE 


cylinder, through a uranium test piece 
and into a second length of canning 
material, while thermocouples measure 
the temperature distribution along the 
heat path. 

The results obtained facilitate the 
design of more efficient fuel elements 
and also make it possible to predict the 
temperatures that will prevail in the 
individual components under all pos- 
sible conditions. 


Altomic Energy Division 


KINGSWAY LONDON 7 .C 2. 
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THE WORLD-WIDE-FAMOUS 


ERHARD 
ae ee 





known for their Design, Precision and Quality for more thon 80 yeors 





JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 388] Cable: Erhardarmaturen 


For all information write to 


The Sole Agents for the United Kingdom 


ALK. STARCK’'S CO. LT D. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 
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Before the first turf is cut on the site of 
a new nuclear power station, Murex Welding 
Processes Ltd. are ready to supply the high- 
quality electrodes for the welding of pressure 
vessels, heat exchangers, feed pipes and other 
installations. 

So when site welding proceeds without 


a hitch it is not merely good fortune — it is 




















Photomicrography shows the structure of weld metals 
under conditions similar to those operating in the 
shells of pressure vessels, heat exchangers and other 
vital installations. 


good planning. And the intensive research that 


goes into the making of ‘ Murex’ electrodes is 


Taken on an 0.250 ‘Kodak’ Rapid Orthochromatic 


part of this planning. Metallographic Plate (magnification x 100). 





Only one standard of performance can be 


accepted in nuclear engineering — the highest. ¥ 28 29 

' ; + | 
Only the highest standard, therefore, isaccepted . | | | | | | | | | | | | | | | | | | | | | | | 
in the Murex laboratories at Waltham Cross. pe 


Research includes many tests of a photo- 
graphic nature, and it is here that ‘Kodak’ 


materials play their part. 


Murex Welding Processes Ltd. use 
‘Kodak ’ sensitized materials 

for photomicrography, record photography 
Rapid and accurate analysis of weld electrode metals 
and parent metals is made by spectrography. Here is 


a spectrograph of a complex alloy used in the making 
of a* Murex’ electrode. 


(including colour), cinematography, oscillograph 


recording, radiography and spectrography. 

















Taken on a B.10 ‘ Kodak’ High-Contrast Rapid- 
Processing Pla‘e. 


Illustrations reproduced by courtesy of Murex 
Welding Processes Lid., Waltham Cross, Herts. 


their part at every 
stage in nuclear engineering 


A new catalogue is available giving details of materials and 
equipment for commercial and industrial photography. Write 


; 
Kodak Limited, Industrial Sales Division, | 
Kodak House, Kingsway, London, W.C.2 | on your firm’s letterhead for the ‘ Professional’ catalogue. 





‘Kodak’ is a registered trade-mark 
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Power for industry and commerce epitomises 
Wright Anderson. In the provision of steel buildings for 
every industry they have the resources and 

experience to ensure the most efficient contracting 

from planning to completion. 

If you are thinking ahead now is the time 

to call in Wright Anderson whose 

assistance can be a powerful factor in 

matters of time and economy. 


WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE BUILDERS 
G.P.O. BOX 2, GATESHEAD 8, CO. DURHAM 


Tel. Gateshead 72246 (3 lines). Grams: *‘ CONSTRUCT Gateshead ” 
London Office: Regent House, Kingsway, W.C.2. Tel. HOLborn 9811 


RELIABILITY 





CONTRACTORS TO H.M. GOVERNMENT, CENTRAL ELECTRICITY AUTHORITY, NATIONAL COAL BOARD, ATOMIC ENERGY AUTHORITY 
AND CROWN AGENTS FOR OVERSEAS GOVERNMENTS AND ADMINISTRATIONS 
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Shaping 
the Future 








Skill doesn’t come easily. It has taken more than 12 
years of close association with the development of 
Atomic Energy for Marstons to build up the 
specialized technical knowledge they possess 
in this field. Marston Excelsior, from the 
start, have been among the foremost 
suppliers of specialized equipment 
to the U.K.A.E.A.—plate type 


fuel elements for the research 


Wyn nae 


reactors Dido, Lido, and Dimple; 
gas coolers for Calder Hall, equip- 
ment of various kinds for ancillary 
plants. It is this past experience 
that is helping Marstons to shape 


future with such precision. 


MARSTON EXCELSIOR LIMITED 


INVOLUTE COMPRESSOR CASING 


(approximate diameter 30”, overall thickness 5”) made 
Fordhouses, Wolverhampton 


in two half-pressings from Kynal P5, Argon Arc welded. 
In the centre, fully machined vanes made from aluminium 


A subsidiary of Imperial Chemical Industries Limited castings are sandwiched between the centre plates. 





MAR 234 
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| WELL AWAY 


REMOTELY INDICATING 
OR RECORDING 
OR CONTROLLING 

































FUEL CONSUMPTION ) 


Remote Reading Draught Pressure Gauge 
(REDRA), automatically indicating or re- 
cording or adjusting damper to economical 
draught. Readings can be monitored and 
recorded at considerable distances 


with cover removed 


4 TANK CONTENTS 


Remote Reading Tank Contents Gauge 
(RECON), measures fluid volume by revolu- 
tionary method based on Archimedes Prin- 
APLANE » ciple, providing a new fine degree of 
- . accuracy. 
Indicating, Monitoring or Recording, as 
REDRA. 
** The similarity of the Indicator Power 
Packs for REDRA and RECON facili- 
tates easy servicing. 


we 
apocene 6 cane 


gasnas Tore 


PRESSURE DIFFERENCES 


Remote Reading Differential Pressure 
Gauge (REDIFF), measures extremely 
minute differences of pressure which 
can be indicated or monitored or re- 
corded. Will indicate Differences of 
Pressure of a few inches of water 
BUT withstand high static pressures 
Note: The Transmitter is self-compensated such 
that it may be used in temperatures between 

20°C. to + 70°C. Further, the sensing membrane 
may be supplied at customer's request to with - 
stand temperatures of 350°C 


WRITE FOR DETAILS OF THESE GAUGES TO 


APPLEBY & IRELAND LIMITED 


KEMPSHOTT PARK ; BASINGSTOKE ' HANTS : Telephone: DUMMER 216 & 383 
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Movement of pipe work under modern high-pressure and 
high-temperature conditions is absorbed efficiently by 
TEDDINGTON BELLOWS EXPANSION JOINTS. 
Teddington Bellows are of highest quality stainless 

steel, flawlessly butt-welded to ensure perfect 

uniformity of wall for maximum durability. 

Normal production ranges from | inch to 7 feet diameters and 
larger sizes can be made. Your expansion problem can be 
solved by our experienced engineers who are always available 
for consultation and recommendation. 
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Send for our descriptive brochure No. R42 


eae Wid TEDDINGTON BELLOWS|S 


TEDDINGTON AIRCRAFT CONTROLS LTD., INDUSTRIAL BELLOWS DIVISION 
AMMANFORD, CARMARTHENSHIRE. Telephone Ammanford 455 


A25 





Tick No 26 on reply card for further details 


Spinning 
SAVES METAL 


—CUTS TOOL COSTS 


The design and production of 
Pressure Vessels may be 
greatly facilitated by using 
dished and flanged ends spun 
by Harveys on the Rotarpress. 
They combine semi-ellipsoidal 
form with large knuckle 
radius. A substantial reduc- 
tion in plate thickness can be 
effected, and in most cases 
tool costs are eliminated. 























‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad 


Steels and Non-ferrous Metals. The capacity 
of the Rotarpress ranges from 5 to 15 feet 
diameter, and 3” to 4” thickness. Knuckle 
radii and depth may be varied to meet 
individual requirements. 

Please ask for List No. NP 965 giving full 


range of sizes 





G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 


Al6 
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Pattern of protection 


The persistent upward trend of maintenance costs is a bugbear 
that can throw any budget out of gear and the cost of genuine 
red lead is one of the contributory factors. Now leading 
authorities specify ‘‘ Superlative’’ Metal Primer to offset much 
of this cost. ‘‘Superlative’’ ensures complete protection for 
all ferrous metals. And as well as saving in initial material 
costs it has the advantages of easier, quicker application than 
red lead and greater coverage. Resultant reduced labour charges 
emphasize further the lower maintenance costs effected by 
‘*Superlative’’ Metal Primer. 


‘Superlative’ Metal Primer prevents corrosion 
economically. Our Techniservice will gladly answer all enquiries 


BRITISH PAINTS LIMITED 


Portland Road, Newcastle upon Tyne, 2. 
Crewe House, Curzon St., London, W.1. 


Sydney, Adelaide, Toronto, Durban, Cape Town, Calcutta, Trinidad, New York, Arklow 
Our world-wide service is at your disposal for the asking 


re 


BPL/imii 
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For anything you | may need in 
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INSTRUMENTATION 


y N 
FIRST consult LABGEAR .|.. 


- -=- one of the pioneers in this field 








You will meet an imaginative outlook allied to technical 
competence and, more important still, a wide experience in the 
design and production of equipment having assured 
performance and reliability. Our Applications and Consultant 
departments are available to help you, without obligation. 


Hand your problem over to Labgear with confidence. 








ULL hii oii NUCLEONICS DIVISION 


WILLOW PLACE +: CAMBRIDGE - ENGLAND Telephone: Cambridge 2494 Grams: Labgear, Cambridge 
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ay + t be e To nuclear power generation Simon-Carves bring immense 


experience of major plant construction and civil engineering 
for the fuel, electricity and heavy chemical industries, 


including the building of orthodox steam power stations 


for more than thirty years, 
Oo mm In the building of nuclear power stations 
Simon-Carves assume responsibility for all civil engineering 
and reinforced concrete design and construction, including nuclear reactor structures 
and biological shielding, and for complete heat-exchange 
steam-generating plant and water treatment systems. 
Simon-Carves are conducting continuous research, both in their own laboratories at Cheadle Heath 
and jointly with The General Electric Company at Erith, 
on the improvement of steam conditions resulting from improved reactor outputs, 
on the use of pre-stressed concrete in reactor structures and elsewhere, 
and on the safe disposal of radio-active waste. 
This work is playing an important part in the development 


of future advanced designs and in the reduction of cost per kilowatt. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION / Cheadle Heath, Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO, LTD 
THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD * JOHN MOWLEM & CO. LTD 
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2 
Julie takes her first faltering steps 


into a world that will prove more and more exciting 
as her interests develop. 
She is growing up in a world 
in Which standards of living are constantly improving, 


a world in which the magician’s wand is electricity, 


abundant supplies of electric power. 






That is the vista opening out 
with the beginning of the atomic power age. 
An ever increasing number of power stations 
turning more and more electricity into the grid 
will bring incalculable benefits to us all. 
Much has yet to be done before these atomic stations are all on load, 


but the results to date prove 


that the grander concept is well within the reach of the 
engineering and allied skills of this country. 
Talbot Stead supply in large quantities the steel tubes 


without which the power stations cannot function. 
These tubes are made and manipulated to the most exacting specifications, 
but the work done so far, although immense in amount, 
is well within the resources of the Company. 
Talbot Stead will gladly co-operate with contractors 


concerned with even more ambitious schemes. 


Talbot Stead ruses ror ATOMIC ENERGY 


Neutron Source Assemblies; Control Rod Channel Gags; Control 


Rods. 
A. Reyrolle & Co. Ltd.: Burst Slug Detector Tubing. 


Talbot Stead have been awarded contracts to supply the following 
reactor components 


BRADWELL NUCLEAR POWER STATION: 
«. A. Parsons & Co. Ltd.: Short Charge Plugs; Absorber Rods; HUNTERSTON NUCLEAR POWER STATION: 


Fuel Element Support Assemblies; Control Rod Standpipe Plug The General Electric Co. Ltd.: Control Rods; Distance Tubes; 
Assemblies’ Control Rod Standpipes; Charging Standpipes; Charge! Discharge Tubes. 


*“METICA’ METAL CLAD CARBON AND GRAPHITE TUBES *“METIOR’ SANITARY PIPE 


MANUFACTURERS OF: CARBON, ALLOY AND STAINLESS STEEL TUBES BI-METAL TUBES 
FITTINGS MACHINED FLANGES AND COMPONENT PARTS ‘FORJEND’ STAINLESS WELDING FITTINGS + CARBON, ALLOY AND STAINLESS DRAWN AND GROUND BARS AND WIRE 
Taw/ 15 
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tailor-made to each job! ‘WO Deely 27) 


MULTIRAIL fabricated steel handrail standards f b ° t d 
have proved to be as rigid as the solid forged type, with abricate 


the advantages of four ferrules enabling steel aelalel acl 


vacant ferrules to be used in 


carrying power lines, air / standards 


and gas pipes, etc. 




























“ SAFETREAD” FLOORING IS 


welded for 
extra strength 


Tailor-made and not just cut to 

fit, ‘Safetread’ flooring is no dearer 
to specify than ordinary steel flooring, 
but provides maximum strength with 
minimum of materials ; non-skid 
surface ; 82% light and air 
penetration ; a neat-fitt- 

ing, clean appearance. 


LAAAARAEEASE 
VANAANYA 


aA 


SANA 


\Y 


Jetailed literature to 


Allan Hennedy : «o 


M A RL YT ) eee Ss eT... § | Cee Ff Oo N =m - Tb ee 
Tel: Stockton 65464 (4 lines). Grams: Grating, Stockton-on-Tees. Also at 207 Victoria Street, London, S.W.| 
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Burst Slug Detection for BERKELEY 








BROCKHAMPTON PARK 
ANDOVERSFORD -GLOS 


Telephone 
id ANDOVERSFORD 391/2/3 


Telegrams 
LTD. “INVENTION, 


Cheltenham 


MEMBER Oo F Te E DOW T Y eaowure 
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NUCLEAR POWER 


... ACHESON GRAPHITE 


In its work as a neutron brake the pile moderator performs an exceptional role 
in the reduction of neutron velocities to thermal values for the continued promotion of the 
natural uranium fission process. In this function Acheson Graphite is playing a 
supremely vital part. In close collaboration with the United Kingdom Atomic Energy 
Authority 5,000 tons of Acheson Graphite conforming to an exceptionally strict specification 
for purity were supplied for the Calder Hall ‘A’ reactor. Many thousands more tons of 


Acheson Graphite in nuclear qualities are in train for Britain’s Atomic Power Stations. 








ACrESONBRELL TES 


TRADE MARK 





BRITISH ACHESON ELECTRODES LTD., WINCOBANK, SHEFFIELD. PHONE ROTHERHAM 4836 
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STEEL TUBES 
AND MANIPULATED PIPEWORK 
FOR NUCLEAR POWER STATIONS 















Manipulated high pressure pipework being assembled at Stewarts and Lloyds’ 
Tollcross works. The branch pipe on the marking-off table in the 


foreground is for Chapelcross nuc lear power station. 


Stewarts and Lloyds have already contributed substantially 
to the construction of Britain’s new nuclear power stations, 
in which large quantities of steel tubes and manipulated 


= 


pipework are required. 


Contracts in hand include material to be supplied to all 
nuclear power stations now under construction. 


Stewarts and Lloyds design, manufacture and _ install 
pipew ork for all types of i. plants. 


STEWARTS AND LLOYDS 
LIMITED 
GLASGOW -: BIRMINGHAM - LONDON 






The largest manufacturers of steel tubes in Europe 
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Are you kicking 
ver the traces? 


You cannot afford to waste man hours, to use 
highly trained personnel for tedious routine 
jobs when they could be better employed. 



























SINDAK DATA REDUCTION EQUIPMENT 
for the analysis of recorded data in bulk or on 
a small scale saves time, trouble and expense. 


THE K1020 OFFERS THESE FEATURES 

Rapid and convenient handling of film 

or paper charts up to 6 inches in width. 
Comprehensive linear and non-linear 
calibration facilities. Positive and negative 
readings about zero. Zero adjustable over 
full record width. Digital output in actual 
physical units. Visual Display for ‘*‘ quick 
look’ purposes. Permanent record by 
typewriter, tape or card punch. 


This system can also be used as a direct 
Digitiser on any Analogue voltage source. 
The K1015 provides a simpler system or 
output in a fixed digital scale of 1,000 units. 


K1020 TRACE READING EQUIPMENT 
Designed for the rapid analysis and 
reduction of Analogue data to Digital form. 


« 






SOUTHERN INSTRUMENTS COMPUTOR DIVISION * CAMBERLEY © SURREY TELEPHONE: CAMBERLEY 2230 


§ EQUIPMENT FOR CALCULATION AND ANALYSIS 
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A COMPLETE PRECISION & PROTOTYPE 
NUCLEAR ENGINEERING SERVICE 





anti-vibration leaching . 






























mounting . : , | machine 
lifting mechanism Lom rf 
™" as 
reactor . 4 | 
assembly|_ m4 7 Photo by courtesy of A.E.R.E. 
rot Ly | 
pump— AN x A SUITE OF GLOVE BOXES FOR EXPERIMENTAL PRODUCTION OF U-233 METAL 
union ‘ ° ° 
high : cooling @ Consulting @ High vacuum 
vacuum, unit engineers equipment 
union crushing i ; 
, ; orite unit @ Designers and @ Electronic 
urnace— reactor manufacturers of engineers 
cooler nuclear and specific @ Radio frequency 
= reactor SCHEMATIC OF prototype equip- engineers 
radiation shield — THE GLOVE BOXES _— 
<, Ser @ Remote @ Lax temperature 
Drawing by manipulation igeratl 
cooling NUCLEAR POWER equipment 


unit 


e @ Vacuum casting @ Installation 
equipment contractors 


DETAIL MANUFACTURERS LTD 





WESTERN WORKS, STAPLE HILL " BRISTOL telephone 65-6141/42/43 cables and telegrams: Aries, Bristol, England 
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Corner of shield built from bricks of the 
4” chevron type range showing window apertures 
and spherical seatings for remote handling gear. 









Wall composed of 4” 
standard chevron type bricks 


LEAD SHIELDING 


Some of the lead bricks we supplied to the 
United Kingdom Atomic Energy Authority 


are shown in these photographs. The people ASSOCIATED LEAD 


to consult about the production of special 
Pp Dp ( ae = 


MANUFACTURERS LIMITED 





shapes for shielding are Associated Lead. 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE, CHESTER 


EXPORT ENQUIRIES: ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2 
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SOLID & FLEXIBLE 
1@ ROLLER BEARINGS 


NE OS 
Zz 
















Yi 


y Y Y LB 
47 4G “4% 
| VGA 
YM 
Y “YY 


tye 10 mm. to 350 mm. Y 
very wide range also available. Ask for 
Z Y Y catalogue MAX 


/ Z _ ’ 
| ee: Mm and Flexible Re Th, 
YYye ; 
- "ts Ge Bearingé 
d | Y y Py All interchangeable with and equivalent to 
wea YY YU bearings of pene type and arin li 
j Y Z \' 


V 


444 )%4%% 


A 
AMITED 


FERRYBRIDGE, KNOTTINGLEY, YORKS. Tel: Knottingley 2323 
London Office: 44 Hertford Street, London, W.1. Tel: Legation 3888 Telex: 23549 
POLLARD BEARINGS (Northampton) LTD., Countess Rd., Northampton. Tel: 3766 Telex : 31-624 
CANADIAN POLLARD BEARINGS LTD., Oakville, Ontario. Tel: VI.5-1667 
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Have you a problem in 
remote handling? 


If so, we can help you! 


We have already been entrusted with the manufacture of the following equipment :- 


%& REMOTELY CONTROLLED LATHES— 


For producing test pieces from enriched uranium elements. 


Remote Control x X-RAY MACHINES & CASSETTE MECHANISMS— 


For X-raying irradiated fuel elements by remote means. 


Machines for %* END REMOVAL AND STRIPPING MACHINES— 


For removal of the nose and tail units and stripping of the 
stainless steel Sheaths from the elements. ' 


Element Handling x SEPARATION MACHINES— 


For separating the fuel elements from the breeder elements. 


% GENERAL-PURPOSE CUTTING MACHINES— 


For removal, by slitting, of the stainless steel Sheaths from the 
elements and for slicing up of uranium elements. 


% ELEMENT RECANNING MACHINES AND 
OPERATING GEAR— 


For recanning used uranium fuel for transport purposes. 


Machined + CRUSHING PRESSES— 


50-ton presses for crushing uranium elements for subsequent 
test purposes. 


Components and * ZINC BROMIDE VIEWING WINDOWS— 


For irradiated fuel element laboratories. 


Assemblies xk SERVICE SLEEVES— 


For manipulators, electrical and hydraulic controls. 


% COOLANT CHANNEL GAG ASSEMBLIES 


Having the most comprehensive engineering plant in the South, 

we can offer complete design and manufacturing facilities for all 

types of remote control equipment and precision machining of 
components and assemblies. 


We thus take responsibility from inception, through 
design, manufacture and installation. 


Jj. EVANS & SON (PORTSMOUTH) LTD 
MARCYN WORKS - GOLDSMITH AVENUE 


Tel.: 32233-6 (4 lines) PO RTSMOUTH Grams: “Marcyn, Portsmouth” 
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Forty-two of these terminal bars are used 





WF “s 


to simplify the manufacture 


in each of the control equipments of the 
diesel electric locomotives now being built 
as part of the modernisation plan of 
British Railways. The builders are Brush 
Traction Ltd. Traditional methods of 
terminal bar manufacture from laminated 
sheets involve twenty-eight separate drill- 

° ing operations. To simplify production 
of terminal bars >a a new method — and found 
the answer in Shell’s “‘ Epikote”’ Resins. 





THE ANSWER: 


casting in Epikote Resins 


The moulding material used is a mixture of 
“ Epikote ’” Resin 828 and “* Epikure ’’ MPD 
(metaphenylene-diamine). It is cured at 100°C 
for one hour and no post-curing is required. 
The terminal bolts are bonded exceptionally 
strongly into the resin blocks and drilling is 
eliminated. These bars do not warp. They 
have come through all tests with flying 
colours — mechanical strength tests of 
10,000 Ibs. p.s.i.; insulation tests at 2kv. 
Here, as in many other applications, Epikote 
Resins produce a better component quicker, 
and at less cost. 














EPI KOTE | EPOXY RESINS 


solve many production problems 


SHELL CHEMICAL COMPANY LIMITED. Jn association with Petrochemicals Limited * Styrene Products Limited 


Divisional Offices; LONDON: Norman House, Strand, W.C.2. Tel: Temple Bar 4455. BIRMINGHAM: 14-20, Corporation Street, 2. Tel: Midland 6954-8. 
MANCHESTER: 144-6, Deansgate. Tel: Deansgate 6451. GLASGow : 124, St. Vincent St.,C.2. Tel: Glasgow Central 9561. 
BELFAST: 35-37, Boyne Square. Tel: Belfast 26094. DUBLIN: 53 Middle Abbey Street. Tel: Dublin 45775. 





“EPIKOTE"' and “ EPIKURE"’ are Registered Trade Marks 
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COSSOR 
OSCILLOGRAPHS \ 


Trial-and-error methods of 








fault evaluation are outmoded, 
inaccurate and expensive. 
With a Cossor Oscillograph, the 
modern Engineer is armed 

with an instrument that will 
display, measure and time the 
action of his electrical or 
mechanical machinery with 
precision, speed and certainty. 

It is worthwhile, therefore, to 
investigate the possibilities of 
these versatile instruments in your 
Industry by writing to: 


CO Ss S () R INSTRUMENTS LIMITED 


The Instrument Company of the Cossor Group 
COSSOR HOUSE - HIGHBURY GROVE - LONDON, N.5 


Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone. London Cables: Cossor, London 
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Unit 
letter 
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Cr 
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M /2-8 
N /0-1-2 


O 
P 


erased. 


Examp 


Examp 


THE MOST COMPREHENS! 
OSCILLOSCOPE SYSTEM. 


The instruments are not intended for in 


The tubes are suitably arranged for photo 


‘Combined as required to produce more tha 
tHas the property of retaining the trace i 


Units C, two of G, H or I, J, four of 


Units E, F, H, K and L. 
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SPRING 
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@ d.c. coupled throughout 





@ extremely wide range 


@ ‘infallible’ time base tri 








@ transients retained inde 


he oscilloscope to a new level as ali 


By interconnection of suitable units as™ 
standard rack panels), an extremely versati 
on 20th Century D6B Sq. double gun cat 


tubes, and consisting of any numbe 











Panel 
Function Height 
2-Channel display (one double gun 104” 
4-Channel display (two double gun t 14” i 
8-Channel display (four double gun t Bm 194” 
1-Channel display (one Memotron stor ‘ be) 14” 
2-Channel display (two Memotron stor ) 14” 
2-Channel X and Y Amplifiers 5)": 





4-Channel X and Y Amplifiers 
Single Scan Generator and Time 
Calibrator 

Double Scan Generator and Time 
Calibrator 

Variable 2-6 kV. Stabilized E.H.T. Su 
up to four double gun tubes 


103” 


Variable positive and negative 3 kV § 
E.H.T. Supply for up to two M 
storage tubes 

Type A Stabilized H.T. Supply 
Balanced attenuator panel for 2-8 C 
Signal delay panel for one channel; de 
at 0-1 up to 2 microseconds 
2-Channel Y Pre-amplifier 

4-Channel Y Pre-amplifier 





le of a typical 8-Channel instrume 


le of a 2-Channel Storage Oscillos 


6-8 VICTORY 
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And we can get delivery | 
AN 


SAVE — and sell with Imhofs 
standard metal cases. Nine times 
out of ten an Imhof standard 
case will exactly suit your require- 
ments. They are precision built 
from fine materials and beautifull, 
designed and finished. Many com- 
panies in the .Nuclear industry 
regard Imhofs as their case factory, 
and enjoy all the benefits of quan- 
tity production and rapid delivery 
with none of the worry! Write now 
for catalogues and full details of 
this specialist service, which includes 
a wide range of standard cases, 
raks and consoles, and any metal 


housing built to order. 





OVER 50 STANDARD CASES 
supplied in quantity ex stock 





There’s a case for every job in the 
Imhof standard range. Order as you 
want them—delivery of any size or 
number ex stock in 7 days. Even 
sooner if really necessary! Special 
terms for quantity orders. A full range 
of handles and accessories also supplied. 





FOR CASES IT’S 


ALFRED IMHOF LIMITED 
Dept. N.4, 112-116 New Oxford Street, 
London, W.C.1 Telephone: MUSeum 7878 
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maintaining B.1.G. excellence 


COMBINED WELDING AND CUTTING BLOWPIPE 





eee 





for WELDING 


Designed to provide the operator with a 
strong well balanced unit combining 
maximum power with maximum safety. 
Based on many years’ practical experience, (ua) 
design of B.1.G. cutters incorporates the 
following unique features: 
Cupro nickel gas tubes 
Silver solder joints 


Nozzle mixing of gas which is best 


deterrent to flashback 
One-piece solid copper nozzle 


Special high pressure oxygen seats 


.- and built to B.1.G. standards 


British Industrial Gases Limited 


} 700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 


Sales and Technical Assistance available in most areas 





nbow !754 


Re 
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fe ‘% of the four new 
Ne : 

\\ Nuclear Power Stations 
SRLS BS \t ‘ now under construction 


in the United Kingdom 


will be completely equipped with 


HUNTERSTON 


Twenty Weir Electrofeeders will be sup- 
plied to the order of Simon-Carves Ltd. 
for the high-and low-pressure circuits in 
the steam raising units at Hunterston. 
The main high-pressure units will discharge 
447,600 Ib./hr. at 800 Ib./sq. in. and the 
auxiliary high-pressure units 57,250 Ib./hr. 
at 772 Ib./sq. in. The main low-pressure 
pumps will discharge 658,300 Ib./hr. at 
323 Ib./sq. in. and the auxiliary low-pres- 
sure pumps 85,000 Ib./hr. at 264 Ib./sq. in. 


BERKELEY 


Six Weir Electrofeeders, each with an 
output of 1,000,000 Ib. /ar. at 500 Ib./sq. in. 
and two Weir Electrofeeders each having 
an output of 66,000 Ib./hr. at 410 Ib./sq. 
in. have been ordered by John Thompson 
(Water Tube Boilers) Ltd., for the 
Berkeley nuclear power station. 


This is only a part of the major feed pump work in hand 
for the electricity supply industry in this country and over- 
seas, for nuclear and conventional fuel stations. 


G. & J. WEIR LTD. * CATHCART + GLASGOW, S.4. 
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wert, CHEMICAL INDUSTRIES £7 \C\ 


UNO CARBON DIOXIDE” 
eR Gama 


NUCLEAR POWER APRIL 1958 









Tick No 48 on reply card for further details 


THEORETICAL STUDY 
RESEARCH 
EXPERIMENT 
MANUFACTURE 


During the past ten years we have built up a competent and experienced team 
of design engineers. 





We have comprehensive research and development facilities including a 
Pressure Test Rig. 





peg Our parent company—THE SUPERHEATER COMPANY LIMITED has 
been entrusted by Simon-Carves Ltd with the manufacture of elements for the 
Steam Generators, as developed by the G.E.C. Simon-Carves Atomic Energy 
Group for HUNTERSTON. 





HEAT EXCHANGERS LIMITED 


1, WARDOUR STREET, LONDON, W.1. Telephone: Gerrard 6255 
Telegrams: SUPERTEMP, London 





HE/Ic 





A4s NUCLEAR POWER APRIL 1958 





Tick No 49 on reply card for further details 


Dow T Vf 


DOWTY SEALS 
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is actively concerned in the supply of 
equipment and material with special 
application to the Nuclear Power Industry 


PRIMARY AND SECONDARY 
SURFACE HEAT EXCHANGERS 


He A first class Technical Advisory Service CONDENSERS 
supports the products of the Serck 
Organisation into which have been embodied AIR AND GAS COOLERS 


the intensive research and accumulated 


CONDENSER TUBES 


practical experience of thirty 
years and more. 


SERCK RADIATORS LIMITED 


SERCK TUBES LIMITED 
WARWICK ROAD, BIRMINGHAM,]11 
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Between , 
experts | 













\ X-RAY FILMS 


FOR INDUSTRIAL RADIOGRAPHY 
ILFORD LIMITED - ILFORD - ESSEX 


bed 
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THE DEKATRON 
COLD-CATHODE DECADE SCALING TUBE | 





“Scaling equipment has also undergone a number of changes in recent 
years and probably the most significant was the introduction of the decade 
scaling tubes. In general the introduction of such tubes has simplified 
circuits and allowed improved reliability, and in some cases it has resulted 
in a reduction in cost. The Dekatron tube, manufactured by Ericsson 
Telephones Ltd., is now very popular and deservedly so, and is used in 
many scaling and timing equipments”. 

DENIS TAYLOR, M.SC., PH.D., M.1.E.E., F.INST.P. REVIEW ARTICLE ““ NUCLEAR POWER YEAR BOOK™ 1957-58. 
As originators and sole manufacturers of the Dekatron, and having developed most of its associated 
circuitry, we feel that we know best how to put it to work to meet your requirements. Many of our 
instruments (one of which is illustrated) are already making an effective contribution to production 
and process control by counting, batching, timing and measuring with complete reliability and often 
with little or no supervision. 


Make sure you get the best by appointing Ericsson 
as your complete supply for source 


ELECTRONIC AND NUCLEONIC INSTRUMENTS 


Catalogue sent on request to: SEE US ON 
STAND 413 
fit AT THE IEA 


INSTRUMENT DIVISION EXHIBITION 


HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Tel. 75115 





ERICSSON TELEPHONES LTD. HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. 
B.79B-62 
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THE BAILEY VOW EQUIPMENT 


Bailey high precision tran- 
sistorised 5 in. Strip Chart 


Recorder 


a@ 
t 
ca 
bead 
Socal 
} 
’ 
. 





Bailey high precision transistor- 
ised controller Model WBOT 
designed to operate as an ON, 


OFF controller or alarm unit 





¢ 


MINIATURE ELECTRO/PNEUMATIC STRIP CHART RECORDER 


ELECTRONIC 4-PEN (SINGLE SLIDE WIRE) RECORDER 


STAND 513 


Instruments Electronics 
and 
Automation Exhibition 


ELECTRONIC SELF-BALANCING STRIP CHART RECORDER 
PHOTO-ELECTRIC TWO-POSITION CONTROLLER * RATE-OF- 
CHANGE TEMPERATURE RECORDER : MINI-LINE 
PNEUMATIC EQUIPMENT « SOLIDS FLOW FAILURE ALARM 


OIL IN WATER DETECTOR + OPERATIONS RECORDER 


BAILEY METERS & GONTROLS LTD. 


PURLEY WAY - CROYDON + SURREY - TELEPHONE: CROYDON 4191 
PROCESS INDUSTRIES 





INSTRUMENTS AND CONTROL SYSTEMS FOR THE POWER AND 
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UVILD YOUR 


EFFICIENCY WITR 


STEELMAKERS ° STEELFOUNDERS ~ ENGINEERS’ TOOLMAKERS 


(YN PRODUCTS 


Integrated experience from over a 
century of craftsmanship has made the 
name of Osborn world famous as a 
hallmark of quality in the manufacture 


of fine steels and steel products. 


Products in alloy, stainless and tool 
steels are manufactured throughout 
within the same organisation, and 
include castings by general foundry 
and precision methods, forgings and 


engineers’ cutting tools, etc. 


SAMUEL OSBORN & GCO., LIMITED 
CLYDE STEEL WORKS, SHEFFIELD 
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SINGLE PHASE AND POLYPHASE 
WATTHOUR METERS 


SYNCHRONOUS TIME SWITCHES 


SYNCHRONOUS MOTORS 
AND MOTOR UNITS 


an 


PANEL & SWITCHBOARD 
INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocoupl: 
A.C./D.C. Moving Iron 


PORTABLE INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple 
A.C./D.C. Moving Iron, A.C./D.C. Dynamometer 


LABORATORY STANDARD 
INSTRUMENTS 
D.C. Moving Coil, A.C./D.C. Dynamometei 
CURRENT TRANSFORMERS 
FREQUENCY METERS 
ALL-PURPOSE TEST SETS 
AIRCRAFT INSTRUMENTS 
RATIOMETERS . TACHOMETERS 
ELECTRICAL THERMOMETERS 
WESTON STANDARD CELLS 
**PHOTRONIC” 
PHOTO ELECTRIC CELLS 
PHOTOMETERS 


vw 


SANGAMO WESTON LTD. 
ENFIELD, MIDDLESEX 


Telephone: ENField 3434 (6 lines) and 1242 (6 lines) 
Grams: Sanwest, Enfield 











Scottish Factory: Port Glasgow, Renfrewshire 
Port Glasgow 41/51 


Branches: London, CHAncery 497! . Glasgow, Central 6208 
Manchester, Central 7904 . Newcastle-on-Tyne, Newcastle 26867 
Leeds, Leeds 30867 . Liverpool, Central 0230 . Wolverhampton, 
Wolverhampton 21912 Nottingham, Nottingham 42403 
Bristol 21781 . Southampton, Soton 23328 . Brighton, Brighton 28497 


sw is 
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ucleonics and Plessiflex 


Plessifiex is acknowledged to be the best flexible 
stainless steel hose for most applications —and is 
particularly outstanding in the field of nucleonics. 
Produced from solid drawn tubing, Plessiflex is 
absolutely seamless and immensely strong. As a 
result Plessiflex may be employed simultaneously 
as a hoist rope and as a gas or fluid connector with 
the minimum of extensibility. It is ideal for 
charging machines, cable conduits, gas ducts, 
remote pneumatic handling or safety monitoring 
circuits. High purity aluminium, nickel or 
zirconium hoses can also be supplied for special 
applications. 


oe + 


UMMA 


‘ 


If you have a problem which could be solved by the 
employment of flexible hose—consult Power 
Auxiliaries Ltd. Specialists in this field, Power 
Auxiliaries Ltd., have built up extensive design 
experience which is readily available to all 
equipment producers. 





PLESSIFLEX | 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits, Dans le cas ot 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére @ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fiir Inserenten 
alle technischen LEinzelheiten 
tiber thre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kiinfle wiinschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER I NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
zionista di indicare in uno 
spazio ristretto tutti i particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampie 
informaziont a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino quit 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacién, 
marque los nimeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 


Hudopmayva wna anTaTenei 
Yacmo 6vieaem mpydxno pexaa- 
MupyouwuMmM AUuYyasM Jagamb éce 
mexnurxernue nodpo6xocmu céeo- 
ei npodyxyuu @ pexnaame. Ecau 
Bam noxnado6amca Go6asounvie 
ceedenua, Mo npocmo ommemome 
coomeemcmeynusue HOMEpA Ha Ka- 
mouwre HA npomuésonosooiCHot 
cmopone u omnpasome * 
NUCLEAR POWER. 
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£600 is the cost of a simple, but . 
complete closed circuit tele- |: 


vision link, consisting of camera, 


control unit and 14-inch picture | 


monitor. Pye Television is al- 
ready being widely used in in- 
dustry and research to perform 
dangerous, difficult or uncom- 
fortable jobs, thus releasing 
manpower to be employed more 
economically. 


The Pye equipment is small | 


and portable, simple to install 


and operate, and running costs | 


PYE Industrial 


Television 


are low. In addition to the three 
units illustrated, a variety of re- 
motely controlled accessories 


and protective housings are 


available forspecial applications. | 


We shall be glad to advise you 
how television can help your 
company. In any case, may we 
send you our new comprehen- 

sive booklet and 


price list? 


PYE LIMITED 


Industrial Television Division 


157 Regent Street, London, W.1 Telephone: REGent 2712 
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We’re honoured 


Everybody, we feel pretty safe in 
asserting, loves a show—even when it’s 
connected with their work—and ex- 
hibitions certainly provide a wonderful 
opportunity for engineers and scientists 
to get together and exchange ideas. 
Not, of course, that this is the main ob- 
ject of the operation—that is the 
furtherance of business and trade. In 
this issue we carry extensive previews 
of two such shows—the long-estab- 
lished Physical Society Exhibition and 
the sprightly young Instruments, Elec- 
tronics and Automation show. These 
previews are not easy to arrange since 
we have to have the information many 
weeks before the exhibition begins, and 
in many cases firms don’t even know at 
that time what they intend to show. 
However, by dint of methods approach- 
ing third degree, we have managed to 
get nearly all the highlights of these 
exhibitions. 

We, on NUCLEAR POWER, feel very 
proud at being invited to take part in 
the exclusive Physical Society show 
this year and we are determined to 
make our stand a credit to the exhibi- 
tion. Of course, manning an exhibition 
stand makes severe inroads into the 
time of our staff and this can be 
awkward as the magazine must keep 
coming out no matter what. Neverthe- 
less we hope to have some editorial 
staff on the stand at the Horticultural 
Hall all the time so that our visitors’ 
questions On NUCLEAR POWER can be 
answered. 
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TUNGSTEN BASE 


Heavy Alloy 


Supplied in densities from 16-7 to 18-0 g/cc. 


Clits: 


PAN Sve) g elulela, 


An orbital teletherapy 
unit using G.E.C. Heavy 
Alloy. 

With acknowledgements 
to Atomic ‘nergy of 
Canada Ltd. 


A 6” G.E.C. Heavy Alloy 
Sphere weighing 65 Ibs. 
being placed in an 8” 
lead wall in the Isotope 
Division, Harwell. 


Informative publication No. 386! on 
application. 







THE GENERAL ELECTRIC COMPANY LIMITED, Component Sales Dept., Osram 


Metals Division, East Lane, Wembley, Middlesex. 
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LETTERS TO NUCLEAR POWER 





Vision needed 
SIR: The whole idea of the nuclear powered plane is 
lite fantastic. No doubt if sufficient effort were de- 
voted to it a suitable reactor could be developed and 
some progress might even be made on the problem 
of lightweight shielding but even then all you would 
have would be a plane with unlimited range coupled 
with appallingly poor take-off and climb, Maintenance 
would be extremely difficult and the consequences of 
1 crash really too horrible to contemplate. 
Hayes, Middx. P. S. J. DARWEN 


It's very easy to be blimpish about the plane project 
but it would be wrong in our opinion to discourage 
people who want to work on it. After all, in 1903 how 
many foresaw to what extent aviation would come to 
alter our lives? As a matter of fact the nuclear plane 
is probably not so very far away. The Americans have 
operated a reactor installed in a plane and they have 
also run on the ground a reactor which could power 
a plane: it is obviously not now a very big step to link 
these. Certainly the crash problem in particular and 
the shielding question in general are very severe, but 
while one obviously cannot rely on it, it would be as 
well not to exclude the possibility of some completely 
unforeseen discovery which might transform the whole 
situation. This sort of thing has happened before. Ed 


Electricity from fusion 


SIR: It has repeatedly been said by various author- 
ities that if thermonuclear fusion proves controllable 
it may be possible to generate electricity direct without 
the complication of a thermodynamic cycle. I would 
like to know how this could be done 


Tel-Aviv, Israel M. FINE 


The thing seems to be possible in principle although 
it is not at all clear at this stage just how the details 
would be worked out, The products of a thermonuclear 
fusion between deuterium nuclei—helium-3 or tritium 

have a very considerable amount of kinetic energy. 
Furthermore they are charged and are so unable to 
escape from the electromagnetic field confining the 
hot plasma. Thus it may be possible to make these 
charged moving particles induce a current in the coils 
and so lead to the direct production of power Ed 


Insurance tariffs 

SIR: In your editorial last month— Specified Perils ~ 
you touch on the question of premiums for the in- 

surance cover of nuclear power stations. How will these 

be determined by the insurance companies who, as far 

as I can see, have extremely little to work on? 

London, E.C.2 B. J. CARVER 


This is one of the big questions of the day and it is 
not easy to give a straightforward answer at this stage, 
although it has considerable bearing on the probable 
unit cost of nuclear electricity. At the beginning of 
March, the British Insurance Association held an inter- 
national conference in London at which problems of 
atomic plant insurance were discussed by experts. On 
the question of premiums, however, the conference 
stuck, and decided to set up a special committee to 
vo into this in Paris in April. The only specific case 
we can recall is that of the Commonwealth Edison 
hoiling water reactor which is now under construc- 
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tion at’ Dresden, Ulinvis. Third party risks up to 
$MS50 are covered for $250,000 a year and the pre- 
mium is said to amount to about 24 pct of the cost 
of production of electricity. It should be emphasized 
that this is for third party risks only. Ed. 


Plutonium as fuel 

SIR: We hear a lot in speeches about using plutonium 
as a reactor fuel but so far this doesn’t seem to have 
been actually done. What is the difficulty? 

Bristol S. T. FINCH 


Well, it melts at only 640°C and before it gets to 
that point it undergoes five complete physical trans- 
formations. This behaviour makes it impossible to use 
as pure metal. However, even if it didn’t have these 
unpleasant characteristics you still wouldn't want to 
use pure metal—it would be far too concentrated and 
the heat released in fission would be far more than 
could be removed with any known coolant. This argu- 
ment also applies to any pure fissionable material. 
Thus plutonium must be diluted somehow, either with 
fertile material such as U-238 or an inert material, or 
both. Plutonium alloys with several metals and work 
is mainly directed to devising alloys, or ceramics, that 
will stand up to the high temperatures without distor- 
tion. Plutonium is of course also a highly dangerous 
material and is probably the most poisonous substance 
known. However, there is no doubt that means must 
be found for using it safely, not only in fast breeder 
reactors but also as an enriched fuel for thermal 
reactors. Ed. 


Customer always pays 

SIR: The question raised by Mr, Connell last month 
of whether the Government or private industry should 
carry out fuel reprocessing for the commercial power 
stations is really only of academic interest since, who- 
ever does it, the cost will presumably descend squarely 
on the shoulders of the consumer. 

Stockton-on-Tees P. A. HUTCHINSON 


It will certainly do that, but it is possible that the 
cost might vary as between one or the other. A third 
possibility is of course that the electricity authorities 
set up their own facilities. To our mind it is undesir- 
able as a principle for the Government to continue 
indefinitely to indulge directly in productive activities 
of this nature. Ed. 


Simple research? 

SIR: What struck me about ZETA and the other ther- 
monuclear devices which were described recently for 
the first time is their extreme simplicity compared with 
equipment needed for fission research. Presumably this 
means that almost any country, provided it has suffi- 
cient scientists of the right calibre, can now take up 
this fruitful line of research since it needs so little in 
the way of exotic materials. 
Hamburg-Altona W. DREIER 
Certainly, up to the point we've reached thermo- 
nuclear research is really surprisingly simple but it 
should not be forgotten that we're only scratching the 
surface as yet and the later stages of thermonuclear 
research leading to power might demand apparatus of 
much greater complexity. For example, the Stellarator C 
apparatus at Princeton University is not due ready for 
two or three years yet. No details have been released 
about it but in view of the time scale it is clear that 
it must be pretty large and complicated. Ed. 
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EKCO ahead in electronics 


The complete nuclear instrumentation for the new Danish 
Reactor at Riso will be the fourth for which EKCO ELECTRONICS 
will have been responsible. We have already supplied the com- 
plete nuclear instrumentation for reactors at Harwell, Dounreay 
and Sydney and this new contract is still another indication of 


the commanding lead held by Ekco Electronics in this field. 


EKCO ELECTRONICS tT0O0 + SOUTHEND-ON-SEA + ESSEX 
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Earthquakes included 


There is much cause for satisfaction in the achievement of the comparatively young nuclear 
power industry in having secured two substantial export orders—the power stations for Italy 
and Japan—in the face of intense competition. At one time it looked as though, however suit- 
able it might be for our own purposes, the Calder Hall type of power station would offer 
little attraction to overseas countries in view of what appeared to be a very high capital 
cost compared with the American type of water-cooled reactor designed to use enriched fuel. 
Now, however, the picture has changed somewhat. The price of Calder Hall came out pretty 
well exactly as estimated whereas the Shippingport Pwr cost nearly twice as much. Some of 
this was no doubt accounted for by faulty estimation in the first place, but it now seems cer- 
tain that, owing chiefly to the special metals needed, the capital cost of an American power 
station, particularly if built abroad, is not likely to be as low as was at one time thought. 


On the question of fuel we have of course a card that cannot be trumped. Certainly the United 
States has been lavish in promising enriched fuel to practically any country outside the Soviet 
bloc that evinced interest, but these recent orders have shown that for some countries at 
least, when all the economic sums have been worked out it is the big gas-cooled reactor with 
natural uranium as fuel that wins. 


This of course is not to say that there is no place for the pwr or the BwR—to do so would 
be to blind oneself to realities. There are many places in the world that need power but not 
by any means all of them need it in huge blocks. For such requirements—power outputs of 
from 5 to 50 MW for example—it is likely that the water-cooled reactors at present could 
win hands down. In fact the gas-cooled reactor simply would not be in the picture over 
the lower reaches of this range. This field is likely to remain an exclusive American province 
for a long time. 


The gaining of the order for Japan—whichever company finally gets it—is particularly 
gratifying in view of the intense American salesmanship which has been concentrated in 
Tokio for a long time. It is also interesting—and perhaps even unexpected—that the Japan- 
ese earthquake experts are satisfied that the British reactor is inherently capable of meeting 
their stringent requirements. This should help to reinforce the already rapidly growing con- 
fidence in it as a type and lead to further orders even where earthquake resistance is not an 
important factor. 


As with the Italian station, the Japanese intend, not unnaturally, to carry out as much of the 
construction work as possible, so that what they will be getting from us will be the design, 
technical assistance and certain specialized parts of the reactor. In a way the Italian agree- 
ment is more satisfactory since full technical collaboration between the two parties is 
assumed for seven years. In the Japanese case the order will be simply for one power station 
and there is a real danger that for future installations they might be tempted to go it alone, 
having acquired a certain amount of knowhow from the first station. Certainly one does not 
have to learn atomic energy the hard way as we did, but at the same time there is a lot to 
assimilate and it would be tragic if a disaster occurred through trying to run before the art of 
walking is mastered. However there is no country in the world that knows more about the 
effects of radioactivity than Japan and this will no doubt serve as a reminder of the dangers. 
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Nuclear slow-down ? 


The nuclear engineering industry may 
soon be very substantially underloaded. 
warned Mr A. L. G. Lindley, assistant 
general manager of GEC, speaking on 
March 13. ‘Where you would have ex- 
pected 18 or 20 stations to be completed 
by 1965, it will come down to the four 
already in hand plus another five or six. 
which is a considerable reduction,’ he 
said. If more atomic energy groups are 
formed there will not be sufficient capa- 
city to occupy them. This is because the 
growth of the demand for electricity has 
not increased as expected and there are 
signs that expenditure on capital works. 
including power stations, is being cut 
back. Another reason is the increased 
output of the latest designs of reactor 

it is now possible to build a single re 
actor capable of more than 400MW net 
output—-which means that less plant and 
fewer stations are needed for the same 
amount of electricity generated. Though 


Negotiations are in progress for two sta- 
tions for Germany and one each for 
Italy, the Netherlands and Belgium and 
tenders for several complete stations will 
be submitted within the next six months. 
This is in addition to the existing Italian 
agreement for the purchase of a station 
and the intention of the Japanese to buy 
a Calder Hall type of reactor (see World- 
view March). ‘But it has to be recog- 
nized, he stressed, ‘ that many countries. 
such as Germany, are capable of supply- 
ing almost a complete plant themselves 
and will wish to do so particularly if 
sterling credit is restricted.. We are seek- 
ing to receive an adequate return for 
giving designs and certain special equip- 
ment. 

Research costly Mr Lindley’s speech was 
given at the Atomic Energy Division. 
Erith, where research and development 
facilities have been recently extended 
They aim at improving the gas-cooled 
graphite-moderated reactor. with par 
ticular emphasis on the overseas market 





In this GEC model of a Hunterston-type reactor the duralumin core is housed in 
a Perspex ‘ pressure vessel’ and a blower draws air through to simulate flow of 
coolant gas 


it must be remembered that this progress 
is a great benefit to the nation, he em- 
phasized, ‘as it means a considerable re- 
duction in the capital cost of the plant 
produced which after all is the aim of 
industry.’ Stations now being built will 
produce electrical power at costs com- 
parable with conventional stations, but 
in future stations the cost will be appre- 
ciably lower. 

On the question of exports of nuclear 
plant Mr Lindley said that practically 
every country in the world is interested 
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New facilities include a _ laboratory 
specially designed for work on beryllium. 
and in another laboratory the prototype 
of a remote-controlled power manipula- 
tor is undergoing its final tests. In the 
new mechanical laboratory is a_ one- 
twentieth scale model of a Hunterston 
type power reactor which is being used 
for gas-flow measurements. ‘This re- 
search effort is costly, said Lindley. 
‘and can only be sustained if the indus- 
try is supported by a sufficient flow of 
work.’ 


Comprehensive cover 

a agreement on the broad 
approach to insuring nuclear energy risks 
was reached by representatives of fii‘cen 
European countries meeting in London 
in March. Object of the conference, which 
was sponsored by the British Insurance 
Association Atomic Energy Committee 
was to discuss cooperation between var- 
ious European insurance markets in pro- 
viding cover for reactors now being built 

—particularly those on the Contineni. A 
reactor would normally be insured by a 
pool of national interests, but the cover 
would be spread internationally by means 
of reinsurance. There was wide agreement 
at the conference on the management of 
these pools and also on the types of risks 
they should cover. Material risks to be 
pooled should. the conference decided, 
be the insurance of damage to property 
belonging to the policy holder. Third 
party liability for injury to property and 
to people should also be pooled. It was 
unanimously agreed that the cover must 
be comprehensive and not for nuclear 
risks only and this applies also to third 
party liabilities. The working details re 
main to be decided by a special com 
mittee which will meet in Paris on April 
24: hazards. evaluations and surveys 
bases of premium rating and the policy 
cover to be offered. 

Unanimous agreement was obtained for 
the principle that a single policy should 
be effected by the reactor owner or oper- 
ator who should accept responsibility for 
radiation risks for the contractors and 
suppliers of parts as well as himself 
This channelling of legal liability means 
that any third party claims will be made 
solely to the owner or operator, The 
UK government has already tackled the 
problem on these lines (see Worldview, 
March). 

Enquiries about seventeen reactors are 
at present being dealt with by the British 
pool and premiums have been decided 
for eight of them. No figures are avail- 
able yet but premiums will be an * in- 
significant percentage of the cost per 
kW.’ said A. G. M. Batten, chairman of 
the British advisory committee. Material 
damage cover for Calder has been quoted 
as £M30. 


Japan invites tenders 

As briefly reported last month in Com- 
panies, Japan is to have a British gas- 
cooled power reactor. After their visit 
to this country in February the leader 
of the purchasing committee from the 
Japanese Atomic Power Co, Mr Daigoro 
Yasukawa, announced that tenders for 
a ISO0OMW single reactor power station 
had been invited from the AEI-John 
Thompson. General Electric and English 
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Electric groups, the tenders to be sub- 
mitted by July 31, 1958. Mr Yasukawa 
told NUCLEAR POWER that the Nuclear 
Power Plant Co had also been invited to 
tender but had declined. After extensive 
studies in England the Japanese company 
had concluded that the British type of 
reactor met their three requirements: 
safety and reliability in operation, safety 
against earthquakes, economics of power 
generation. As regards earthquakes, they 
were Satisfied that if the graphite pile is 
efficiently supported and the pressure ves- 
sel and heat exchangers are firmly tied 
to the shielding concrete structures, an 
earthquake resistant design can be 
achieved without impairing reactor econ- 
omics. Furthermore, the tendering groups 
have devised special emergency shut 
down systems especially for this contract. 

The power station will be situated at 
Tokai on the Pacific coast, adjacent to 
the Japanese nuclear research establish- 
ment. From here the output will be fed 
in to a 275kW grid supplying the Tokio 
area. It is hoped to start work before 
the end of the year, and as much as 
possible of this will be done by Japanese 
companies working under British super- 
vision, 


Nuclear subs progress . . . 

The visit of dagen ce nuclear sub- 
marine Skate coincided with an Admir- 
alty announcement that work on the UK 
nuclear Dreadnought submarine is now 
regarded as a matter of urgency. Oper- 
ating experience with the zero energy re- 
actor NEPTUNE has so far been highly 
satisfactory, and at the Admiralty’s 
Dounreay experimental site the main 
building for the reactor and its machin- 
ery should be finished by May, Britain 
has already received a good deal of in- 
formation on nuclear submarines under 
last year’s agreement with US. 

The captain and crew of the Skate 
spoke highly of her reliability and clean- 
liness compared to diesel submarines 
after her underwater Atlantic crossing to 
Portland, it is reported. Average speed 
of the 2,190 ton craft was 19 knots for 
the eight day, eleven hour journey. Her 
five day visit follows that of the larger 
Nautilus atom submarine six months 
ago, and she is now visiting other Euro- 
pean ports before returning to America 


... UK merchant ship by 1964 ? 


Britain is going ahead with development 
of nuclear propulsion for a merchant ship 
and there might be a ship on the water 
by 1964, revealed Mr Galbraith, Civil 
Lord of the Admiralty, recently. A great 
many nuclear propulsion systems have 
been examined to see whether any of 
them could be put straight into a ship 
without first building a prototype on 
shore. ‘ Unfortunately this has turned out 
to be impossible’ he said. ‘What we 
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Her eight-day, eleven-hour underwater crossing of the Atlantic completed, the US 
nuclear submarine ‘ Skate’ rests in Portland Harbour 


want to do is to build an economic or 
near economic ship to start. The 
atomic-powered ships which are supposed 
to be built in other countries do not even 
profess to be paying propositions. We 
believe it is much better to go for what 
is economic rather than to seek to make 
a splash of a machine which can have no 
commercial application.. The AEA has 
supplied the Admiralty with a lot of use- 
ful information and it is now giving 
priority to ‘an advanced feature of 
atomic technique * which, it is hoped, will 
pave the way for the development of a 
smaller unit suitable for ship propulsion. 
Mr Galbraith emphasized that there is 
still a lot of hard technical work to be 
done before anything approaching an 
economic unit can be produced, but non- 
starters have been weeded out and work 
is now proceeding on what is hoped 
‘will be a winner.’ 


More power for Scots 

The North Scotland Hydro Electric 
Board is to install a 250 MW nuclear 
power station in 1966. Location may be 
north of Aberdeen, but it is hoped to 
keep transmission lines shorter by siting 
it between Aberdeen and Dundee. This 
was announced recently by Mr John 
Henderson, chief engineer of the South 
Scotland Electricity Board, speaking for 
the chairman, Mr J. S. Pickles. The 
station will probably be completed in 
1970 by the addition of a second reactor 
of the same output. He also indicated 


that the authorities will face the necessity 
in 1967-69 of either building a second 
nuclear station at Hunterston or a coal- 
burning plant on the Lothian coalfields. 
The decision will be made on economic 
grounds. 

Hunterston waste It has been suggested 
that the waste heat from the Hunterston 
nuclear station might be used for glass- 
house purposes, and Mr Henderson has 
recently outlined the problems which 
would be involved in this. The station 
will use 17 million gallons of Clyde sea 
water an hour for cooling at an average 
of 42 degrees in winter and 60 in sum- 
mer, and the cooling process will raise 
these to 54 and 72 respectively. To secure 
any useful transfer of heat for glasshouse 
purposes would require water 10 degrees 
higher. This could be done by restricting 
the intake of sea water but only at the 
expense of a decrease in efficiency of 1°2 
pet costing £40,000 per annum. He 
thought that spoiling efficiency of the 
station was the wrong thing to do, but 
more and more electrical engineers are 
designing with a view to securing effici- 
ency in very small directions, allowing 
the tail to wag the dog. 


Windscale men cleared 


There was no intention to reflect on the 
staff at Windscale in the official report 
on the accident, says an agreed statement 
issued after a meeting between Sir Donald 
Perrott, AEA member for finance and 
administration, and the secretary of the 
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Institution of Professional Civil Servants, 
Mr Stanley Mayne. But the Authority 
maintains its view that ‘errors of judge- 
ment were committed on the application 
of the second nuclear heating.’ However 
these faults of judgement were themselves 
attributable to weaknesses of organiza- 
tion and as the responsibility was prim- 
arily collective the Authority has already 
accepted full responsibility, The meeting 
follows Sir Donald's trip to Windscale to 
investigate complaints arising out of the 
reports on the accident and the state- 
ment added that it was then agreed that 
some of the points at issue were suitable 
for reference to Sir Alexander Fleck’s 
technical evaluation committee. Mr 
Mayne has submitted a detailed 
memorandum to the committee and is 
seeking discussions with them. The 
Authority emphasized its previous offer 
that any individual who considered him- 
self to be unfairly criticized in the re- 
port could make representations to a 


now 


PERROTT 
hears complaints 


panel of three members and could for 
this purpose have access to the relevant 
technical records which were before the 
Penney Committee of Inquiry. 


Changes at Harwell 


New Principal for the Harwell Reactor 


School is Mr James F. Hill, NUCLEAR 
POWER’s consultant physics editor. He 
was formerly Senior Lecturer at the 
School and succeeds Dr D. J. Littler, who 
returns to the Reactor Division. 

This follows changes in the courses re- 
ported in Worldview March. Engineers 
and physicists will soon attend the first 
of the six week introductory courses in 
basic reactor physics at Birmingham. 
Bradford and Salford technical colleges 
before going on to the full Harwell 
course on May 26. Nearly half of the 
students for the next course will come 
from overseas. 
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BELGIUM 
ZETA model at Brussels 


Preparations are almost complete for the 
ceremonial opening of the Brussels Uni- 
versal and International exhibition on 
April 17. The UK government nuclear 
display has been concentrated on aspects 
of nuclear power which are expected to 
lead to sales of equipment during the 
next ten or twenty years, and for this 
reason the emphasis is on different types 
of fission reactors rather than on the 
prospects of evolving a fusion reactor. 
But to complete the picture a 7ft high 
model of ZETA, built to a one-third scale 
of the original, will be shown. Its torus 
will be made of Perspex so that the in- 
terior flash can be seen at 10 sec inter- 
vals. The Russians will show a model of 
an atomic powered icebreaker and the 
US display will include a continuous 
diffusion cloud chamber with a 4ft by 
4ft sensitive area and an exhibit describ- 
ing the recent discovery of the free 
neutrino, 


UNITED STATES 
Neutrons for tumours 


Nearing completion at Brookhaven 
National Laboratory is America’s first 
big nuclear medical centre with a speci- 
ally designed reactor for treatment and 
research. With a floor area of 118,000 
sq ft. the new building will have four 
circular wings with 48 hospital rooms 
and a large area for research in medical 
physics, pathology, microbiology, bio- 
chemistry, physiology and _ industrial 
medicine. To be used solely for medical 
purposes, the reactor is water cooled and 
moderated, fuelled with enriched 
uranium, with an output of 1MW. For 
experimental treatment of brain tumours, 
neutron beams can be released from 


ports in two walls of the reactor, con- 
trolled by 19-ton plugs. A patient ad- 
mitted for treatment will be given an 
injection of a boron compound and when 
the boron becomes localized in the 
tumour, the neutron beam will be direc- 
ted on it. This bombardment gives rise 
to short-lived radioactivity which des- 
troys the tumour cells without damaging 
the normal tissue surrounding them. The 
treatment room runs to the base of the 
graphite reflector surrounding the core 
and provides a thermal neutron flux of 
from 10” to 10” at the position of the 
patient’s head. 

In addition to the experimental neutron- 
capture treatment, the reactor will pro- 
duce radioisotopes, including short-lived 
ones, for studying body processes and 
treating a wide variety of diseases. In- 
vestigations will include fundamental 
metabolic processes such as transport of 
body fluids and mechanisms involved in 
high blood pressure, heart diseases and 
the development of cancer. Medical re- 
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HINKLEY POINT 


The latest news about the design 
of Hinkley Point nuclear power 
station has just been released by 
the English Electric/Babcock & Wil- 
cox/Taylor Woodrow Group in the 
form of this cut-away drawing. No 
further information was published 
than is already generally known and 
covered by NUCLEAR POWER in 
October when the contract was 
originally awarded by the CEA. 
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search with neutrons has been going on 
at Brookhaven since 1951 using a general- 
purpose reactor, but under this system 
work had to stop when the reactor was 
needed for other work. In the new centre 
medical work will be able to go on un- 
interrupted. Total cost will be about 
$M6, excluding the outlay for design 
and engineering. Although the Brook- 
haven centre is the first specially-designed 
unit of its type, it will not be the first 
American hospital to have its own reac- 
tor: Bethesda Naval Medical Centre, just 
outside Washington, has had a reactor 
working since last November. 


INTERNATIONAL 
US teams with Euratom 


The six Euratom nations are to embark 
on a joint programme of power reactor 
development with the US, and a work- 
ing party is to be set up to plan the in- 
stallation in Europe of 1000 MW of 
nuclear power plant from American 
specifications. M Louis Armand, Eura- 
tom President, has accepted an invitation 
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The Central Electricity Generating Board 


HINKLEY POINT 


Nuclear Power Station 


under construction by the 


English Electric/ Babcock & Wilcox/Taylor Woodrow group 


Reactors: two gas-cooled, graphite-moderated; weight 
of each with pressure vessel, 5500 tons 

Output: SOOMW guaranteed, 6 x 93°5MW £ installed 

Pressure vessel: 67ft dia sphere, 3in. steel 

Fuel: natural uranium, magnesium-alloy cans 

Boilers: six per reactor, Babcock dual-pressure type, 
90ft high, 21ft 6in. dia, weight 1350 tons. 
Total evaporation 5°5 million Ib of steam per 
hour 

Steam: h.p.: 650 psig, 700°F; I.p.: 200 psig, 680°F 

Blowers: six per reaetor, axial flow, variable frequency 
induction motor 

Generators: six 3000 rpm English Electric, hydrogen- 
cooled, 3-cylinder turboalternators, each 
93°SMW at 13°8kV, 0°85 power factor 

Auxiliaries: three 33MW variable-speed turboalternators 
for blower drive and other duties 

Transmission: via switching and transformer station into 
supergrid at 275kV 

Cooling water: 35 million gallons of sea-water per hour, cir- 
culated by six centrifugal pumps 
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Carbon dioxide circulators 
Hinged expansion bellows 
Carbon dioxide outlet from boiler 
Boiler circulating pumps 
Stud-tube elements 

Boiler (six per reactor) 
Low-pressure steam drum 
High-pressure steam drum 
Carbon dioxide inlet to boiler 
Carbon dioxide isolating vaives 
Main biological shield 

Carbon dioxide outlet from reactor 
Thermal shield 

Charge tubes 

Charge floor 

Hole-preparation machine 
Charge/discharge machine 
Emergency discharge chute 
Spent fuel element skip hoist 
Cooling pond 

Storage skips and grid 

Skip loading bays 

Graphite core 

Control rods 

Pressure vessel 

Can-failure detection standpipes 
Carbon dioxide inlet to reactor 
Debris removal ducts 

Shield cooling-air ducting 
Secondary biological shield 
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to visit America in April for discussions 
with Mr Dulles and Admiral Strauss, 
Chairman of the USAEC. In a letter to 
M Armand, Mr Dulles said that he 
shared the Community’s view that all 
possible speed is desirable, and the new 
plan follows talks in Europe between 
representatives of Euratom, the USAEC., 
and the Department of State. It will 
start the US-Euratom cooperation en- 
visaged in the report of the ‘ Three Wise 
Men* committee last year on the target 
for Euratom’s power production. The 
agreement will not rule out purchases of 
reactors from Britain for some of the 
remainder of the 15000 MW target for 
1967. 

Also announced is the appointment of 
Mr W. Walton Butterworth as US re- 
presentative to the European Economic 
Community and Euratom, with the per- 
sonal rank of Ambassador. He will 
continue to represent the US at the 
European coal and steel community—a 
position which he has held since 1956 
and will thus head a combined commis- 


sion to provide US representation to all 


three European Communities. He served 
as Ambassador to Sweden and as Mini- 
ster and Deputy Chief of Mission at the 
American Embassy in London prior to 
his present assignment in Luxemburg. 

A representative of Euratom attended 
a recent meeting of the Steering Com- 
mittee of the European Nuclear Energy 
Agency of OEEC which discussed prac- 
tical means of close collaboration with 
Euratom. It was agreed in particular that 
work would be undertaken jointly in the 
field of public health and safety so that 
the same basic regulations would be 
drawn up for all the western European 
countries. 


Britain will not join The question of 
having British observers at the Euratom 
Council is now being discussed by 
Euratom and OEEC,. according to Mr 
Macmillan in the Commons recently, but 
he said that to join Euratom would pose 
great difficulties for us, without neces- 
sarily increasing the amount of practical 
cooperation with member countries 
which is proceeding by bilateral agree- 
ments. membership of ENEA, and by 
the European Council for 
Research. 


Nuclear 


Geneva will discuss fusion 

Scientists and nuclear engineers from 
the UK are to present about 200 of the 
1000 or so papers to be read at the 
second international Geneva Conference 
on the peaceful uses of atomic energy 


next September. 120 will be read by 
scientists from the AEA and the re- 
mainder are from nuclear companies, 
the Medical Research Council and the 
Universities. 

Highlight of the conference promises 
to be a series of papers on developments 
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towards thermonuclear fusion, and eight 
UK papers on this subject will be read. 
A Harwell spokesman told a NUCLEAR 
POWER reporter that further progress 
with ZETA would be revealed. Contrary 
to widespread press reports that it has 
been dismantled for extensive modifica- 
tions and may not be working again 
until the end of the year, the machine 
was stripped for a short period for over- 
haul only. and is now reassembled in 
working order. However, he confirmed 
that improvements are to be made. such 
as reducing the previous one inch gap 
between the primary transformer wind- 
ings and the torus, which should in- 
crease efficiency and help to give the 
further rise in temperature required. 
Russia also intends to report on thermo- 
nuclear work, revealed Academician Igor 
Kurchatov in a recent Pravda article. 
Soviet scientists, he said, are investigat- 
ing discharges in doughnut-shaped cham- 
bers, but the types used are different 
from those in the British experiments. 

The UK display in the scientific exhi- 
bition at the Palais des Nations will total 
some 5000 square feet. and is being 
arranged by the AEA, For the Commer- 
cial Exhibition at the Palais des Exposi- 
tions, the AEA has taken a further 3500 
feet in the British section. This section is 
being organized by the Nuclear Energy 
Trade Association’s Conference, which 
represents nearly all British firms con- 
cerned with Atomic Energy, and more 
than fifty of them will be contributing to 
the 30,000 square feet display. The Ex- 
hibition is being organized by a non- 
profit making body set up by the Geneva 
authorities. 

The UK delegation, under Sir John 
Cockcroft. is expected to consist of 5 
delegates. about 250 advisers (mainly 
authors of papers) and 250 observers. 
The four delegates besides Sir John are 
expected to be a second representative of 
the AEA and representatives of the 
Royal Society, British industry, and the 
Medical Research Council. The demand 
for observer passes has been high and 
anyone interested in attending the Con- 
ference as an observer should apply as 
soon as possible, and in any case not 
later than April 19. 


WORLDBRIEFS 


Following successful underground deton- 
ation of A-bomb in Nevada talks are in 
progress between USAEC and industry 
on possibility of using atomic explosions 
for creating reservoirs in arid areas. 


The third reactor of Calder Hall became 
critical recently and has been handed over 
by the builders to the AEA for commis- 
sioning. It will probably be about two 
months before the reactor starts feeding 
electricity into the national grid. 


WoRLDvVviEnw 


After considering five possible sites the 
East Suffolk Planning Committee yester- 
day decided to recommend the CEGB 
to build a nuclear power station at Size- 
well. A proposal that the electricity 
authorities should defer the question of 
a nuclear power station in Suffolk for 
ten years ‘until they obtained more ex- 
perience * was withdrawn after the chair- 
man, Sir Robert Gooch, had said that the 
authorities wanted the station to be in 
operation by 1964. 


The projected power station at Thorpe 
Marsh near Doncaster will use the largest 
single plant in the world, it is reported. 
C. A. Parsons & Co Ltd will supply the 
550MW turbogenerator and the boiler 
will be from International Combustion 
Ltd. 


Four year research and development pro- 
gramme costing over $MS5 has been 
undertaken by Atomics International to 
determine the electronic feasibility of 
the Advanced Epithermal Thorium 
Reactor concept at a full-scale power 
plant. This operates on the thorium 
U-233 cycle—‘epithermal’ refers to the 
intermediate speed of the reactions. 
Coolant is liquid sodium, and modera- 
tor, if used, would be beryllium or 
graphite. Plant would be rated at about 
200 eMW. 


Complete set of parts for Egyptian re- 
search reactor at Cairo has now been 
delivered from the Soviet Union for 
assembly by Egyptian engineers under 
Russian technical supervision. Construc- 
tion of the reactor building is nearing 
completion. 


US General Electric’s reactor at Valle- 
citos Laboratory has been named Valle- 
citos Boiling Water Reactor (vBwr). Its 
output was recently stepped up from 20 
MW to 30 MW with no design change 
or addition of fuel. Further increases are 
planned. 


The ACF 30 MW tank type reactor for 
AB Atomenergi of Sweden is now to 
have 90 pct enrichment instead of 20 
pet. 


The Martin Co’s zero-power reactor 
went critical recently. Trials in the MTR 
of the fuel element for Martin’s package 
reactor showed nearly 42 pct burnup in 
eleven months. Complete structural inte- 
grity of the tubular stainless steel ele- 
ment was obtained says the company. 


Output of EBWR at Argonne has been 
lifted to 50 tMW with no change in 
core. Project manager J. M. Harver said 
calculations showed this could be 
doubled with more fuel. 


Boron-10 production plant near Niagara 
Falls, NY, is to be shut down because 
there is enough stockpiled for several 
years, says an USAEC announcement. 
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An integral part of atomic energy 


Important as it is to all modern industry, instrumentation has always been something more to 
nuclear energy, and it would not be an exaggeration to say that absolutely nothing could have 
been achieved without it. In addition to the novel nucleonic instruments which have had to be 
developed for neutron counting, radiation measurements and health monitoring, the coming of 
nuclear power stations has demanded the attainment in conventional instruments of accuracy 
and reliability standards hitherto undreamed of. Both types of instrumentation are now 
highly developed and this has been largely responsible for the rapid strides now being made 
towards the goal of economic nuclear power. 


his special issue of NUCLEAR POWER has been designed to give an overall picture of the in- 
strumentation requirements of modern nuclear power and research reactor installations and 
also a review of the latest British instruments available to meet them. It contains five exclu- 
sive review articles by the country’s leading authorities, in addition to other features of more 
specialized interest. We have also obtained a special series of messages from prominent per- 
sonalities in the instrumentation business. Finally we include preview features of two exhibi- 
tions starting soon in London—the Physical Society and the second annual Instruments. 
Electronics and Automation exhibitions. 


Here are the highlights of this issue 


1 K. Sandiford, Chief Instrument Engineer, AEA Industrial Group, Risley, reviews the physical 
or non-nuclear instruments needed in a modern power station. 


9 B. C. Godbold, Nuclear Power Sub-department, Central Electricity Generating Board, from 
the ‘user’ point of view, indicates lines for development in nuclear power station instru 
mentation. 


3 W. Abson, of Harwell and A. L. Gray, of Plessey Nucleonics review methods of neutron de- 
tection by means of gas ionization devices. 


4 R. B. Owen, Harwell, does the same with scintillation counting methods. 


5 NUCLEAR POWER have had specially prepared a series of diagrams showing the main instru- 
mentation features in (a) a gas-cooled power station (b) a high-flux reactor and (c) a fast 
breeder reactor. 


6 A. L. Gray, of Plessey. surveys methods of finding out how the neutron flux varies in power 
reactors. 
7 A special preview of the Physical Society Exhibition (Horticultural Hall, London, March 24- 


27). If you’re going, don’t forget to call at NUCLEAR POWER stand 117. 


K A special preview of the 2nd Instruments, Electronics and Automation Exhibition (Olympia, 
April 16-25). 
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To Nuclear Power... 


from Sir Leonard Owen, managing director, UKAEA Industrial Group 


The importance of instrumentation and control in any undertaking whose processes 
e based on new scientific discoveries should need no emphasis. Only by instrumentation 
can an adequate quantitative picture be established from which both safe and economic 
operation will be achieved. This requirement is paramount in the field of nuclear 
power for several reasons. 
We are using many materials like uranium, zirconium, beryllium and niobium, whose 
fundamental properties are still being studied in the laboratories. New alloys whose 
letailed behaviour is still unfamiliar to us will also be employed. We are using both 
these and conventional materials, like graphite and mild steel, under new conditions— 
conditions which will steadily grow more stringent as we proceed to the development 
of reactors with higher thermodynamic efficiencies. 
When this is added to the fact that the nuclear power stations are designed in very 
large economic units, so that a single control room may be supervising an output 
worth 5 or 10 million pounds per annum, combined with a fission product inventory of 
hundreds of megacuries, the need for proper instrumentation and control is made 
abundantly clear. 
| consider this to be a subject of vital importance to the growing nuclear power industry 
and express my very good wishes for the success of this issue. 





from Paul Goudime, president, Scientific Instrument Manufacturers’ Association 


In SIMA there is a nucleonic section composed of some 60 firms, all of which are 
manufacturers of nucleonic instruments or allied equipment. Many of these firms came 
into being just after the war when large quantities of Harwell designed instruments 
were required for the nuclear energy programme. Today most of them have established 
sound commercial markets and are contributing an important share of original develop- 
ment work on new instrumentation projects. 

The European market, which was wide open to Britain after the war, has become 
increasingly competitive as each country develops its own nucleonic industry to satisfy 
its national requirements, for, despite the aspirations of the European common plan, 
the nationalistic instinct in this particular direction is surprisingly strong. Nevertheless, 
the British nucleonic industry has achieved many notable successes in the industrial and 
medical fields. not only in Europe but in the United States, where large orders have been 
and are being secured in the face of intense competition. 

While Britain continues to lead in atomic energy there will be ample opportunities for 
marketing the new and advanced instruments which are being developed and, from the 
great interest which was aroused by the composite SIMA stand at the Interkama 
Exhibition in Diisseldorf, it is evident that Europe still looks to this country for the 
latest in nucleonic instrumentation 





PP ase Scenstiite 
- 


from L. S. Yoxall, president, British Industrial Measuring and Control Apparatus Manufacturers’ Association 


When. in 1956, Calder Hall first fed electricity into the national grid, ten years’ work 
by the British nuclear energy industry culminated in an event of world importance. 
Today. Britain continues to lead the world in the peaceful uses of atomic energy and 
the British industrial instrument industry can be proud of the contribution it has made 
in this new field. 

Like many other processes, the production of nuclear power relies heavily on the 
accuracy and dependability of British industrial instruments. Many new problems arose. 
Some have been solved by the use of standard equipment in the light of newly acquired 
specialized application knowledge. Other more difficult problems were solved by close 
collaboration between the instrument manufacturer, the plant contractors and the 
power and atomic energy authorities. As a result, a whole range of specialized equipment 
for use in the nuclear energy industry has been developed. Now the British industrial 
instrument manufacturer can supply tried and tested equipment, backed by comprehen- 
Sive after-sales service, in every part of the world. 

British industrialists are sometimes accused of being too modest. Perhaps we are, but 
I do not feel this is the time for modesty. That is why I welcome this issue of NUCLEAR 
POWER with its preview of the impressive Instruments, Electronics and Automation 
Exhibition which we are mounting at Olympia in April, and the picture it gives of our 
contribution to the massive achievements of the British nuclear energy industry. 

We have unique knowledge and experience and we should say so. 
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InsTRUMENTATE BB 
THE NUCLEAR INDUSTRY 


From the earliest post-war period until only about two years ago, knowledge and 
experience of atomic energy in all its aspects was largely a Government monopoly 
so that the role of firms was virtually one of a sub-contractor working to the 
Atomic Energy Authority’s requirements. With the launching of the Government’s 
plan for the large-scale development of nuclear power stations however, all this 
changed and industry was encouraged to go over to the initiative. This opportunity 
was enthusiastically seized by many firms which now have flourishing nuclear divi- 
sions or departments. To find out just how far this process has got in the instrument 
industry, NUCLEAR POWER has undertaken a special survey, putting to eight typical 
firms covering the whole field of nucleonic and conventional instrumentation the 
following question:— 


The safe and efficient operation of nuclear energy installations will make increas- 
ing and urgent demands on the British instrumentation and control industry. How 
is your firm meeting this challenge and opportunity? 


Here are the replies to that question. They show beyond doubt that Britain’s power 
programme is backed by a vigorous and forward-looking instrument industry. 


Heavy and continuing investment in research and development has made Elliott-Auto- 
mation Ltd capable of bringing the full potential of modern technology into industry. 
In this, nuclear energy is vital and its instrumentation and control problems have high 
priority in my plans. My organization’s nuclear division, established in 1954, has its own 
development, production and technical sales facilities so that it can best devote all its 
thought and actions to these problems. Backed by the whole group, with its wide 
experience in so many fields, | am confident that this division will make an indispensable 
contribution to the nuclear power programme. 





Leon Bagrit, managing director, Elliott-Automation Ltd 


That section of British industry which is concerned with the evolution of equipment 
and components for the control of complex installations has long faced problems of 
ultimate reliability and safety where such are vital. 

Atomic installations pose many new problems and require much experience from the 
past. Plessey Nucleonics Ltd has been formed as a quite separate team of engineers, 
physicists and others for atomic work and has been provided with elaborate scientific 
and manufacturing facilities. First among the principles which guide their work are 
those of complete reliability and safety of the product. 





A. G. Clark, chairman, Plessey Nucleonics Ltd 


Backed by over ten years of experience in the nuclear energy field, my company is 
meeting the ever-increasing demands for instrumentation brought about by the rapid 
realization of atomic projects throughout the world. 

Valuable know-how has been acquired during these pioneering years and we have 
already supplied the complete nuclear instrumentation and control circuitry for several 
research reactors at home and overseas, while Ekco equipment is used in practically 
every reactor so far constructed. We are continuing to devote our resources to the fur- 
ther development of efficient nuclear instrumentation and hope to continue to play our 
vital role in this exciting atomic age. 





E. K. Cole, chairman, Ekco Electronics Ltd 
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The principal work carried out by Dowty Nucleonics Ltd is towards reactor safety and 
simplification. This contribution is through installations using radioactive materials 
where there is a need for electrical and hydraulic equipment. A team of scientists and 
engineers are developing equipment for the detection of faulty fuel elements in reactors 
and this work has progressed to the point where more efficient but far less complex 
systems are being offered than were hitherto available. Development facilities with live 
fission products are used so that tests are made simulating any reactor conditions. 


Sir George Dowty, chairman, Dowty Nucleonics Ltd 


In my Opinion an important function of the larger companies and groups with extensive 
resources for research and development is to provide a systems engineering service. With 
experts in many fields of technique, such organizations should be able to accept overall 
technical responsibility, while using specialized products of other firms when they are 
best suited to the project. A systems engineering group, such as my company is setting 
up, has facilities for evaluating and testing the latest components and materials. In this 
way we expect to make our contribution to the high standard of safety and reliability 
required in this new field. 


J. P. Jeffcock, director, Mullard Equipment Ltd 


We aim to use our resources to meet the instrument and control needs of this vigorous 
new industry by combining our experience in other fields, our own research strength, 
and the specialist knowledge so inspiringly provided by the Atomic Energy Authority. 

The Authority's leadership has given this country the initiative in selling nuclear plant 
abroad. This must be supported by an efficient world-wide technical service. We strive 
to play our part in this by staffing our overseas companies with technologists of high 
quality without weakening the quality of our own research work. 


Commander P. W. Kent, chairman and managing director, George Kent Ltd 


it must be realized that, although there is a large amount of instrumentation associated 
with nuclear reactors, only a small part of this is concerned with the measurement of 
ionizing radiation, i.e. nucleonic instruments. 

The British manufacturers of nucleonic instruments are able to meet existing demands 
for this type of equipment quite easily; indeed, the position even now is nighly 
competitive. 

It is the view of my company that by far the largest field for nucleonic instruments 
is associated with the users of the products of reactors, not the reactors themselves, 
and therefore the emphasis is to develop and manufacture equipment for users of 
radioactive isotopes, both industrially and for laboratory use. 


H. A. Luss, joint managing director, Isotope Developments Ltd 


Anticipating the need for extensive instrumentation in nuclear reactors, Sunvic Controls 
Ltd embarked, some years ago, on a programme of development and expansion. In 
particular we have evolved a unique system of burst cartridge display for gas-cooled 
power reactors. The equipment gives immediate warning of significant, as opposed to 
random, variations in coolant activity and can assess rate of change and average activity, 
as well as reproduce past recordings. Other developments include a potentiometric 
recorder incorporating, in one standard instrument, high impedance and other facilities 
essential for reactor monitoring. Our standard comprehensive instrumentation has been 
adapted for reactor control desks and panels. 


P. G. Oates, commercial manager, Sunvic Controls Ltd 
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PHYSICAL INSTRUMENTATION 
OF A NUCLEAR POWER STATION 


K. R. SANDIFORD, BSc (ENG) 
Chief Instrument Engineer, UKAEA, Risley 


FOR CONVENIENCE it has become general to consider 
the instrumentation of a nuclear reactor under two main 
headings, nuclear and physical. Although this division is 
convenient in practice, it must be stressed that it is arbi- 
trary, and that the whole instrumentation of a reactor 
must be designed and installed as an entity. Instruments 
of each of the two groups have their essential part to play 
in the start-up, the day to day running and the safety of 
the reactor. Because of the novel nature of nuclear instru- 
mentation, much work has been done on its development. 
much discussion has taken place and a great deal has been 
published on the subject during the past decade. Although 
it has required a considerable amount of development. 
physical instrumentation is to a large extent a matter of 
the application of instruments and methods which have 
evolved over many years. Many of the instruments required 
are either available from the range developed for use on 
chemical plants or can be provided by straightforward 
modification. Although reference must be made to nuclear 
instrumentation, as this forms an integral part of the whole 
installation, the aim in this article is to emphasize the 
physical instrumentation, and to show how this too is 
essential to the effective and safe operation of a reactor. 
Reactor instruments can be grouped under three main 

headings: 

a. For day to day operation of the reactor 

b. For the detection of abnormal conditions 

c. For specialized use such as those required for start- 
up and for use during charging and discharging. In general 
these instruments will be used only intermittently, and they 
may be portable, rather than permanently installed. 

Instruments in each of the groups (a) and (b) may be 

arranged to provide warning of abnormal conditions of 
operation and means for shutting down the reactor auto- 
matically in case of an emergency. 


CONTROL IN NORMAL OPERATION 

Largely because of their small time lags, measurements 
of neutron flux have proved to be most useful in the con- 
trol of a nuclear reactor during normal operation: the 
major part of the heat produced at any instant is propor- 
tional to the neutron flux in the core of the reactor, This 
measurement is convenient for the rapid detection of 
any change in the rate of operation of a reactor, and also 
as a guide in adjusting the rate of operation to a desired 
value. It should be emphasized that, particularly in the 
case of a reactor for power production, the intensity of 
the neutron flux has little inherent interest. It is employed 
merely as a guide in controlling the rate of operation of 
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the reactor to a level which is determined by some other 
factor. 

Because of their relatively high capital cost, it is econo 
mical to run nuclear power stations as far as possible at 
a high load factor, which means that such stations may 
be expected to run for long periods at full load. In this 
case it might well be that the limiting factor determining 
the rate of operation of a reactor is the maximum per 
missible temperature of the fuel elements. By observation 
of the neutron flux, the reactor would be adjusted to 
Operate at the highest power at which performance ot 
the fuel elements was satisfactory. In earlier reactors it 
was necessary to establish this level empirically for each 
design of reactor and fuel element. The level of operation 
would be increased by known amounts until the rate of 
failure of fuel elements became unacceptable, a maximum 
level for normal operation being established at some rather 
lower value at which a satisfactory performance of the 
fuel elements could be expected. 

As the characteristics of reactors and fuel elements have 
become better understood it has become increasingly pos 
sible to predict the behaviour of fuel elements under given 
conditions of operation. The neutron flux in which satis 
factory performance may be expected from fuel elements 
thus becomes a matter of design. In either case, although 
the measurement of neutron flux is used for the control of 
the reactor, the level at which the reactor operates is 
determined by temperature, and the accurate measurement 
of temperature assumes great importance. 


Fuel element temperature 

The object of measuring fuel element temperature is 
to ensure that the temperature of no single element in the 
reactor exceeds the maximum accepted as safe for what- 
ever design is in use. As there may be 20,000 or more in 
a reactor it is impracticable to measure the temperature 
of each. It becomes necessary to compromise, measuring 
the temperature of some small number of elements with a 
high degree of probability that the temperature of no 
single element exceeds the acceptable maximum by more 
than a known amount. It can be shown by calculation that 
even in reactors with many thousands of fuel elements. 
measurement of the temperature of between 200 and 300 
will give a probability of 95 pct that the temperature of 
no element in the reactor will exceed the agreed maximum 
by more than 10°C. Numbers of measurements of this 
order are quite practicable. 

It is first necessary to decide at which point on the 
element the temperature should be measured, although in 
practice it is found that consistency of measurement may 
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be more important than the precise point chosen for the 
measurement. A choice has to be made between measure- 
ment of the temperature of the uranium or of the can 
material. If the uranium temperature is to be measured it is 
necessary to provide a re-entrant tube as part of the can, 
allowing the temperature sensitive element to be introduced 
well into the fuel element. 


Attaching the thermocouples 

In the Calder reactors the elements are about 4 ft long, 
the cans having circumferential fins, and it was decided to 
measure the temperature of the can. At a position about 
3 ft from the top of the element a fin with a root thicker 
than normal is provided so that means for the measure- 
ment of temperature can be attached. The sensitive ele- 
ment is a thermocouple of T,/T., material enclosed in an 
outer sheath of stainless steel 4 in. dia and insulated 
with magnesium oxide. For a length of about 18 in. the 
end of the thermocouple is swaged down to an o.d. of 
|, in. After being passed through a hole drilled in the 
thickened fin, the reduced end of the thermocouple is 
flattened and is then pulled back firmly into the hole. The 
flattened section fixes the thermocouple firmly in the hole 
by a wedging action, and tests have shown that very good 
thermal contact is established between the thermocouple 
and the can. This has proved to be a consistently reliable 
and simple method of attaching thermocouples without 
the use of small parts or special equipment. 

Thermocouples, mineral insulated and metal sheathed 
may be used for the great majority of temperature mea- 
surements on a reactor. Thermocouple material in this 
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Fig 1 Leakage of reactor coolant is detected by a differen- 
tial pressure transmitter connected to the coolant circuit. 
This arrangement measures rate of change of pressure 


form is extremely robust and the insulation is unaffected 
even by prolonged irradiation. Although the hot junction 
is formed inside the metal outer sheath and is insulated 
from it, it is desirable, where a number of thermocouples 
are connected through a selector switch, for both poles 
of the thermocouples to be switched as a safeguard against 
errors due to earth faults. 


Choice of recording system 
In order to detect any fuel element with abnormal 
temperature conditions, the reading of every thermocouple 





NUCLEAR POWER APRIL 1958 


must be checked in some way at intervals which are short 
enough to avoid any serious rise in temperature occurring 
unnoticed during the interval between one reading and 
the next. It is also desirable to provide means for detecting 
similarly any unduly rapid rise in temperature. At the same 
time an unnecessarily large mass of records should be 
avoided, whether produced by instruments or in the form 
of log books compiled by process operators. 

In the past it has been common to connect the majority 
of thermocouples to multi-point temperature indicators, 
the readings of which were logged at fairly long intervals— 
say once a shift—or even daily, by process operators. 
From these readings a few thermocouples—say twelve— 
were selected for connexion to continuously running multi- 
point recorders. These readings were taken as being repre- 
sentative of the highest temperature among the fuel ele- 
ments. This method gave a good guide to fuel element 
temperature provided the operating conditions remained 
constant, but it was subject to limitations. Any change in 
the distribution of temperature through the reactor could 
be detected only at the comparatively long intervals of 
the manual scan of temperature. The temperature recorders 
read only the temperature of the fuel elements which had 
been arbitrarily connected to them. There was no means 
of detecting an abnormal rate of rise of temperature 
except in the case of the few thermocouples connected to 
recorders, and even in this case detection depended upon 
observation of the record produced on the charts of the 
instrument. It is not practicable to connect large numbers 
of thermocouples to multi-point recorders. Although instru- 
ments having many measuring points are available, any 
number of points above eight on one instrument causes 
serious intermingling of the records on the chart. It be- 
comes extremely difficult to identify individual records, and 
it is doubtful whether the trend of any record can be deter- 
mined with certainty. Even with eight-point recorders the 
number of instruments required becomes very large. Large 
numbers of charts require changing and so many records 


are produced that interpretation of them becomes very 
difficult. 


Typical conditions 


Whatever may be the method of presenting information 
from all the fuel element thermocouples, the following are 
typical of the conditions which should be met, depending 
upon the design of the individual reactor. The equipment 
should: 

l.scan all thermocouples successively at intervals 
sufficiently short to avoid the possibility of any tem- 
perature rising to a dangerous extent between one 
reading and the next of any point ; the interval may 
be ten minutes or less 

2. detect any point of which the temperature exceeds 
a predetermined maximum value 


. detect any point of which the temperature is rising 
at a rate exceeding a predetermined maximum 

4. give warning, audibly or otherwise, of any point 
specified in 2 or 3 above and print out automatically 
the point number and value 

. Select automatically at fixed intervals the points hav- 
ing the highest readings and connect them to con- 
tinuously running recording instruments so as to 
provide continuous visible records of these points 

6. print out at fixed intervals, or on demand, the read- 
ings of all points 

7. record all readings over a limited period by some 

means such as punched paper tape or magnetic 

recording tape, so as to provide a complete record 

during the period of any such test. 


w 
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Data logging and processing 

Although these conditions cannot be met by conven- 
tional recording instruments they come within the capacity 
of modern data logging and processing equipment. Work 
is now proceeding on equipment which will scan all ther- 
mocouples at high speed, comparing the readings of each 
in turn with a pre-set value. 

Nothing occurs so long as no reading exceeds this pre- 
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Fig 2 If a coolant circulator fails it may be driven in the 

reverse direction by the pressure generated by the ones 

remaining. This is prevented by detecting any variation in 
coolant flow with a differential pressure transmitter 


set value. Any reading exceeding this value causes an 
alarm to be given and the point number and the value 
of the reading to be printed. As the scan proceeds, each 
reading in turn is compared with the stored value of the 
previous reading of the same point to determine the rise 
in the value during the known period of the scan, and 
hence the rate of rise of the value. Warning is given if 
this exceeds a pre-set rate, with corresponding printing of 
the point number and rate of rise. 

For such equipment it is desirable to use either a mer- 
cury jet-type switch or a number of mercury wetted 
relays to scan the thermocouples in order to avoid trouble 
from spurious contact potentials in the scanning system. 
Some form of analogue to digital conversion of the read- 
ings is required and successive readings; also the alarm 
settings are stored either in a magnetic drum or in matrices 
of ferrite cores. It appears likely that equipment of this 
type will be used increasingly for the display of informa- 
tion wherever it is required to detect occasional departures 
from the normal among large numbers of measurements. 
Other possible applications in addition to the fuel element 
temperatures already mentioned are temperatures of the 
graphite moderator and the readings of the burst slug 
detection equipment. 


Coolant flow meters 

Although the instruments for the measurement of neutron 
flux and of temperature can be considered to be the main 
instruments for the control of the reactor, many other 
subsidiary instruments are required. In general these are 
not used directly in the control of the reactor, but they are 
none the less essential to its satisfactory operation. 

Associated with the coolant circuit it it is usual to find 
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meters for measurement of coolant flow in each branch of 
the circuit. These serve as a check on the satisfactory 
operation of the coolant circulation, and they are also 
used occasionally in establishing the heat balance of the 
system. In normal operation they are needed in balancing 
the flow of coolant in the various branches of the circuit. 
Care is required in the design of any device required in 
the coolant circuit for the production of a differential 
pressure to operate a flowmeter. In a reactor for power 
production a large amount of power is required to drive 
the coolant circulators. In order that this power may be 
as small as possible it is necessary to keep to a minimum 
the pressure drop around the coolant circuit, and it is 
therefore necessary to consider most carefully any device 
in the coolant circuit which increases the pressure drop 
in the circuit. 

Transmitting type flowmeters would normally be fitted, 
the readings relating to all branches of the coolant circuit 
being displayed in the reactor control room. For normal 
operation indicating instruments are sufficient, but it is 
necessary to fit recording instruments if it is required to 
produce records of the rate of flow over a period so that 
the total flow during the period may be obtained. 


Heat exchanger instruments 

Associated with a reactor for power production are the 
heat exchangers which take the place of the boiler in a 
conventional power plant. The heat exchangers each re 
quire the instruments found on a normal boiler in con 
nexion with the feed water and steam systems. These 
include instruments to check the condition of the feed 
water, and its rate of flow. On the heat exchangers are 
water level indicators, steam flowmeters being provided 
to measure the flow of steam from the heat exchanger 
Where steam is generated at more than one pressure, as al 
Calder Hall, separate flowmeters are required for the high 
pressure and for the low pressure systems. In any case 
where the design of the plant provides for wide variations 
of steam pressure, it is necessary to compensate the read 
ings of the steam meter in accordance with the variation 
of pressure. This can be arranged automatically by the 
application of a pressure sensitive element operating in 
conjunction with the flowmeter. 

Instruments for all these measurements follow normal 
boiler house practice. In many cases transmitting types of 
meter are required, the presentation of the records being 
either on local instrument panels or in the central control 
room according to the system of plant control adopted. If 
local panels are provided adjacent to the heat exchangers. 
it may be desirable for the reading of some of the instru- 
ments to be repeated in the central control room. 


DETECTING ABNORMAL CONDITIONS 

In addition to the nuclear instrumentation, provision is 
commonly made for detecting the following abnormal 
conditions in the reactor: 
. excess pressure in the coolant circuit 
. leakage of coolant 
. failure of coolant circulator 
. leakage of coolant into the steam system 
. leakage of steam into the coolant system 


h2wnwnee 
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1. Excess pressure in the coolant circuit 

In addition to a safety valve for the relief of excess 
pressure, a pressure-operated switch connected into the 
general alarm circuit of the reactor gives warning of any 
undue rise of the coolant pressure. 


2. Leakage of coolant 
Under cool conditions the pressure of the coolant gas 
is considerably less than at normal operating temperature. 
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The coolant circuit is charged to a reduced pressure such 
that, as the system is heated, the gas pressure increases 
until it reaches the desired operating pressure. Because of 
this variation of pressure during normal start-up, it is not 
possible to detect loss of coolant, and hence a leakage 
from the coolant system, merely by detecting a drop in 
pressure from a normal value. 

Leakage is detected by means of equipment sensitive to 
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Fig 3 The steam system is sampled continuously to test for 
coolant leakage into it. Coolant remains in the condensed 
sample and is removed by carbon dioxide-free air stream 


rate of change of pressure and comprising a differential 
pressure transmitter connected to the coolant circuit. One 
side of the transmitter is connected directly, the other 
side being connected through a fixed capacity tank and 
a variable restriction as shown in fig 1. Under steady con- 
ditions, the steady pressure of the coolant is applied to 
both sides of the pressure transmitter. If the coolant pres- 
sure falls, the reduced pressure is applied very rapidly 
through the direct connexion, while on the other side 
of the transmitter a lag is introduced by the capacity 
and restriction. A differential pressure is thus applied to 
the pressure transmitter, the value of which is determined 
by the rate of change of coolant pressure and the adjust- 
ment of the variable restriction. The arrangement is sen- 
sitive to a change of pressure, up or down, from what- 
ever may be the absolute value of the pressure at the time. 
The air pressure output of the pressure transmitter is 
connected to a pressure operated switch, the whole equip- 
ment being adjustable over the range 1 to 10 psi/min. 


3. Failure of coolant circulator 

Failure of one circulator in a coolant system with more 
than one branch can mean that the faulty circulator may 
be driven in the reverse direction by the pressure generated 
by the ones remaining. In some circumstances this is un- 
desirable and equipment is provided to detect any appre- 
ciable variation in the flow of coolant in any one branch 
of a multi-branch circuit. 

The arrangement of the equipment is shown in fig 2. 
In each branch of the circuit, some means of producing 
a differential pressure dependent upon the flow of coolant 
in the branch is introduced. The means employed may 
be an orifice plate or similar device introduced for the 
purpose, or it may be possible to use a restriction in the 
circuit already existing through some feature in the 
mechanical design of the coolant circuit. A similar re- 
duced pressure is produced by the restriction in each 
branch under normal balanced conditions of flow. Con- 
nexions are taken in pairs from the low pressure points of 
the branches in turn to a number of differential pressure 
transmitters. During normal operation with equal flow 
in each branch, each of the pressure transmitters has equal 
pressures applied to its two sides. If the flow in any one 
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branch decreases, the pressure from the low pressure tap- 
ping point in that branch will rise and will be detected by 
one or more of the differential pressure transmitters. De- 
tection is dependent upon the variation of the flow in 
one branch from the flows in the remaining branches and 
is not dependent upon departure from any arbitrarily set 
value. As in the case of the coolant leakage detector, the 
Output air pressure of each pressure transmitter is con- 
nected to a pressure operated switch, the combination of 
pressure transmitter and pressure switch being adjustable 
to give any desired degree of sensitivity. 


4. Coolant leakage into the steam system 

This can occur in a system in which the pressure of the 
coolant exceeds the steam pressure at some point where the 
coolant and steam systems are in contact. Unless detected 
and corrected it can lead to corrosion of the coolant 
system. 

The arrangement of the equipment is shown in fig 3. A 
sample of steam is continuously taken from the system 
and condensed. Any carbon dioxide coolant which may 
have leaked into the steam remains in the condensate from 
which it is extracted by a stream of air free of carbon 
dioxide which is bubbled through the condensate. The air, 
after drying, is passed through the measuring tube of an 
infra-red gas analyser, the reference tube of which con- 
tains dry air free of carbon dioxide. Carbon dioxide de- 
tected in the analyser is a measure of the amount which 
has leaked into the steam system. The equipment is sen- 
sitive to 0-1 cc. of carbon dioxide per litre of water. 


5. Leakage of steam into the coolant system 
This is a more general fault as the steam pressure would 
in most cases exceed the coolant pressure. The arrange- 
ment of the equipment is shown in fig 4. A continuous 
sample of gas is taken from the coolant system and after 
cooling is passed through the measuring tube of an infra- 
| infra red infra red | 
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Fig 4 Similarly a continuous sample of carbon dioxide is 

taken from the coolant circuit to detect any leakage from 

the steam system. Sensitive instrument is an_ infra-red 
analyser 














red gas analyser. The reference tube of the instrument is 
filled with dry carbon dioxide. Steam which may have 
leaked into the coolant circuit remains as water vapour in 
the cooled gas and is detected in the analyser. The equip- 
ment is calibrated to detect 0-140 ppm by volume. 
Alarm circuits 

In order to ensure safe and reliable operation of a 
reactor, it is not sufficient merely to provide instruments 


capable of detecting abnormal conditions. If such instru- 
ments are dependent upon the attention of a process oper- 
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ator there is always the danger of his missing an indica- 
tion of abnormal conditions. This may lead to an emer- 
gency shut down of the plant which, with proper attention, 
could have been avoided, or in extreme cases to damage 
to the reactor. 

It is convenient to arrange relay circuits, initiated by 
contacts on appropriate primary elements, so that audible 
warning is given when an abnormal condition occurs. At 














50 Vdc ALARM CIRCUIT BELL CIRCUIT 
NOVacl 
50 Vdc) | f 
5O0Vdc| _| = 7 

, pe 
initiating | alarm bell } 
mae | cancel 

button 
tom pepe | A a 

alarm\_7 | Ta TT As SS 
operating alarm y 
relay | bell| 

| relay, L<a~ alarm 

| | L} bell 

| | 
ordasign 
lamps 
——— } | a 
eer co SRG eee SRM wa 8 
alarm bell bus wire : [ —— eo 








Fig 5 This arrangement of a typical alarm circuit shows how 
both audible and usual alarms are provided. The latter are 
ordasigns, or illuminated annunciator panels 


the same time an appropriate glass panel is illuminated 
carrying wording which serves to identify the fault causing 
the alarm. In order to avoid the distraction of a prolonged 
noise in the control room it is usual to provide means to 
stop the audible warning even before a fault has been 
cleared, although the appropriate glass panel would re- 
main illuminated until the clearance of the fault. Two 
lamps are normally fitted behind each alarm window so 
as to avoid loss of indication through lamp failure. It is 
convenient to reduce the number of alarm windows which 
would be necessary by providing windows each covering 
a group of alarm conditions and providing in addition a 
number of flag relays to identify the individual alarms 
with the main group of alarms. 

Fig 5 shows the arrangement of a typical section of an 
alarm circuit. As many sets initiating contacts and alarm 
windows as may be necessary can be added to any one 
alarm system. 


Safety circuits 

Certain abnormal conditions in the operation of a reactor 
are sufficiently important to justify the automatic shut- 
ting down of the reactor. Although such conditions vary 
with the design of an individual reactor, they may include 
the following: 

1. excess neutron flux 

2. excess temperature of various parts of the system 
3. complete or partial loss of flow of coolant 

4. leakage of coolant. 

One or more primary devices are required to monitor 
each of the conditions for which provision is to be made 
in the protection system. Electrical contacts on each of 
these devices are arranged in a circuit designed to operate 
the shut-down equipment of the reactor under pre-arranged 
conditions. At present it is usual for such protective cir- 
cuits to be based upon the use of electro-mechanical relays. 
Although circuits of this type have proved highly satis- 
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factory, the alternative use of solid state switching devices 

may offer some advantages. The possible application o! 

such devices to reactor safety circuits is being investigated 
In either case, these basic requirements must be met: 

. the reactor must be completely protected agains 
damage resulting from an abnormal condition ot 

operation 

. Shutting down of the reactor unnecessarily throug! 
faulty operation of the protective equipment mus 
be avoided as far as possible 

.failure of any part of the protective equipmen 
should not result in a dangerous condition 

4. failure of any electrical supply associated with the 

safety circuit should not result in any reduction of} 
the degree of protection 

. provision should be made for the testing of the 
protective system without interfering with the opera 

tion of the reactor 

6. provision should be made for the operation of the 
reactor, if necessary with an agreed number of the 
safety devices inoperative. Proper means must be 
provided for putting out of action any such parts of 
the system, and direct indication should be given of 
any parts of the system so affected 

.the components of the safety circuits should be 
enclosed in a locked compartment, or otherwise pro- 
tected from unauthorized access 

8. the physical layout of the safety circuits should be 
such as to prevent accidental reconnexion of leads 
in any but the correct manner, for example after 
disconnexion for testing 

9.a safety circuit will often include a number of sets 
of relay contacts in series. In such cases the com 
ponents of the circuit should be so arranged as to 
avoid any accidental connexion between the ends 
of the circuit which would have the effect of short- 
circuiting a number of the intermediate sets of relay 
contacts. 


tw 
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Component selection and layout 

In order to meet these conditions, considerable care is 
required in the selection of the components of a reactor 
safety system and in the layout of the safety circuits. Where 
relays are used, consideration must be given to the need 
for cleaning the contacts, although by suitable enclosure. 
the need for such cleaning should be minimized. Contact 
materials should be chosen allowing for the fact that the 
relays of a reactor safety system, unlike those of a tele- 
phone system, are likely to operate only very occasionally. 
In certain cases it may be desirable to incoporate some 
plug-in arrangement in mounting the relays to facilitate 
maintenance. Apart from this, all connexions in a reactor 
safety circuit should, as far as possible, be permanent to 
reduce the chance of circuit failure. The need to avoid 
spurious operation of the protective equipment may re- 
quire the duplication of some parts of the safety circuit. 
and the connexion of some units in coincidence. By this 
means it can be arranged that an agreed number out of 
a group of protective devices must operate together in 
order to shut down the reactor. The arrangement most 
commonly used requires the operation of two out of a 
group of those devices, but other arrangements are pos- 
sible, and may be desirable in some cases. 

From the foregoing it is apparent that all the principles 
of good instrumentation practice are applicable to the 
physical instrumentation of a reactor. As in any other 
branch of plant design, economy of first cost must be bal- 
anced with an appropriate degree of accuracy and reliabil- 
ity in Operation, and economical maintenance must be 
provided. 
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INSTRUMENTATION TRENDS 
IN NUCLEAR POWER STATIONS 


B. C. GODBOLD, BSc, AMIEE, AlnstP, MIRE 


Nuclear Power Sub-department, CEGB 


THE GRAPHITE MODERATED, gas-cooled reactors of 
stations now being constructed for the electricity supply 
authorities of Great Britain do not differ fundamentally 
from Calder Hall, the instrumentation and control equip- 
ment of which have already been described (/, 2, 3, 4, 5). 

It is not appropriate in a review article to give detailed 
descriptions of equipment, nor is it practicable to discuss 
the whole field of instrumentation in a short article and 
certain items only have therefore been selected for com- 
ment. In particular no attempt whatsoever has been made 
to deal with radiation monitoring or other instrumentation 
required for the protection of personnel. 

This article attempts to indicate the lines along which 
development efforts on nuclear power station instrumenta- 
tion should be directed in the immediate future, and to 
give some indication of the technical importance and the 
financial value of the various classes of instrumentation 
concerned, so that efforts to reduce the capital cost of 
future stations may be viewed in the correct perspective. 


Single control room 

One departure from the practice at Calder Hall which is 
worth noticing is the provision at CEGB stations of a single 
control room for the whole power station from which the 
reactors, boilers, turbines and alternators may be control- 
led under running conditions. In this way an overall picture 
of the operation of the station is obtained giving satisfac- 
tory coordination of control with reasonable economy in 
staffing. At the same time careful consideration must be 
given to the layout and presentation of information if the 
engineer-in-charge and the operators are to obtain the 
maximum possible benefit from this centralization of in- 
formation. Only indications and records which are needed 
for immediate operation, under all forseeable conditions of 
the station, should be immediately under the eye of the 
operators, and recorders should be used here only when a 
knowledge of the trend is necessary if a correct decision is 
to be taken. 

The minimum possible amount of equipment requiring 
maintenance should be installed in the control room, a 
suitable apparatus room being provided immediately ad- 
jacent to house such equipment, together with the safety 
and nucleonic apparatus. In this way it is hoped to reduce 
as far as possible the mutual interference between the in- 
strument maintenance staff and the staff operating the 
station, and at the same time to enhance the reliability of 
the equipment by reducing the hazard from dust, which is 
inevitable in a room in constant use. It is hoped that it 
will be possible to pursue this policy still further in later 
stations as suitable equipment becomes more readily avail- 
able. 

Some of the special problems which arise when consider- 





NUCLEAR POWER APRIL 1958 


ing the instrumentation of nuclear power stations do so 
because much greater importance must be paid to the 
correct functioning of the instrumentation than in conven- 
tional stations, and in consequence very high availability 
and reliability of instrumentation must be achieved. 


Particular attention must therefore be given to the pro- 
vision of facilities for the adequate maintenance of the 
equipment, possibly with the reactor on load, without 
seriously restricting the performance of the reactor and 
its associated safety equipment. 


Other special considerations arise from possible incom- 
patibility of materials when used in a reactor, from the 
possibility of radiation damage in certain applications such 
as the discoloration of glass in TV equipment, the loss of 
electrical insulation of materials under irradiation, em- 
brittlement of polythene, and so on. 


Conventional plant 

The techniques used for the instrumentation connected 
with the conventional plant, for example the turbines and 
alternators, do not differ markedly from those used in 
stations burning traditional fuels. In the case of the boilers 
however, the control is now centred in the station control 
room and telemetering, remote level indications, etc, have 
therefore had to be provided. Staff are thus removed from 
the immediate vicinity of the boilers, which are sources 
of radiation, and this change helps to reduce the integrated 
radiation dose which personnel receive. 

Certain of the physical measurements, e.g. coolant flows, 
are connected into the safety circuits. This usually means 
triplication of the measurement and care must be taken to 
ensure that testing or other work on one of the originating 
elements cannot affect the other elements, through pressure 
surges in a common manifold or in other ways. 


Reactor conditions 

At low power levels in the reactor temperature measure- 
ments do not provide an adequate indication of reactor 
conditions and the most satisfactory indication is given by 
measurements of the rate of fissions taking place. Measure- 
ments of the reactor period are made and facilities pro- 
vided to trip the reactor through the safety circuits if this 
period becomes unduly short. Similarly shutdown ampli- 
fiers are provided to trip the reactor when operating at 
high powers if the fission rate exceeds a preset maximum. 

The actual neutron detectors are located, as at Calder 
Hall (/), in a thermal column placed alongside the reactor 
vessel and within the biological shield. Neutrons escaping 
from the reactor are thermalized in this column and a con- 
venient level of neutron flux is obtained for operating 


157 








BURST SLUG DATA PROCESSING 
the two approaches 


Eight multipoint chart 
recorders or 


one computer? 





neutron detectors. Neutron sources are placed in the re- 
actor and have the effect of raising the fission rate when 
the reactor is shut down. However separate instruments 
must be provided for neutron flux indications at low and 
high powers in view of the range of neutron flux to be 
indicated, the low power detectors being withdrawn from 
the thermal column into the biological shield when the 
reactor is operating at power in order to avoid radiation 
damage and to maintain accuracy of indication when 
operating at low powers. 


Safety circuitry 

Circulator supply failure alarms, certain of the ‘physical ° 
measurements on the reactor and some of the neutron flux 
measurements are interconnected by the safety circuits 
with the object of ensuring that no combination of cir- 
cumstances can arise which will jeopardize the safety of 
the reactor, its operators or the environment, without the 
reactor being shut down automatically and in time to pre- 
vent damage from transient conditions which may occur 
during such a shut down. 

The precise method of interconnexion adopted varies 
according to the reliability which can be expected from the 
measurement concerned, but in general there are three 
‘safety lines’. Any measurement connected to the safety 
circuits is made by three separate and distinct elements, on 
each of which there is a contact, one of these contacts be- 
ing connected in each safety line. The safety circuits are 
so connected that if one line only is affected then an alarm 
is given, but if two or more lines are affected then the con- 
trol rods are dropped into the reactor and the reactor 
shuts down. These are the ‘two out of three’ circuits to 
which reference is often made. The safety lines are always 
arranged to fail safe, that is the alarm condition opens the 
contact so that a dirty contact or failure of the electric 
supply to the circuits gives rise to the alarm condition or 
reactor trip condition, depending upon whether one or more 
lines are affected. 

The burst slug detection equipment at these stations is 
fundamentally the same as at Calder Hall (3, 4, 5) although 
various detail rearrangements and improvements have been 
made to the equipment. 

At Berkeley a computer system (6) is being provided for 
the interpretation of the channel activities as measured, but 
it has been thought prudent to operate a recorder display 
system similar to that at Calder Hall in addition, to assist 
in the interpretation of results until such time as operating 
experience has been obtained and the alarm conditions on 
the computer can be set up with confidence. 

The provision of the centralized control room has in- 
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evitably increased the distance over which information mus 
be telemetered, which has the effect, if pneumatic equipment 
is used, of increasing the time of response of the equipment 
and the possibility of leakage of the pipes. The air com 
pressors require maintenance attention and difficulties may 
arise due to oil vapour. Finally if the measurements must 
be connected to the safety circuits, the failure of the air 
supply would trip the reactor and so constitutes an addi 
tional possible source of incorrect tripping since the electri 
cal supply to the safety circuits must be provided anyway 
Electrical transmission of information is therefore preferred 
although pneumatic telemetering still persists in one or two 
isolated instances at the present time. 


Economics of instrumentation 

Unfortunately, no detailed cost analysis of the stations 
now under construction is available for publication. An 
approximate estimate of the cost of the instrumentation of 
a typical nuclear power station has, therefore, been pre 
pared and is given in the table but it must be understood 
that individual designs may well show substantial depar 
tures from the figures given. The figures should be con 
sidered in relation to the contract value of these two 
reactor stations, stated in the press to be approximately 
£M40. 

In view of the high capital cost and low fuel running 
costs of nuclear stations compared with conventional sta- 
tions, a very high availability and load factor must be 
achieved if nuclear power stations are to be economically 


Estimated instrumentation costs for typical gas-cooled reactor 





Boiler and steam instrumentation £20,000 
Physical measurements associated 

with reactor gas circuit, reactor 

temperatures, etc. ... — £60,000 
Control rod position indicators £20,000 
Nucleonic and reactor flux measuring 

equipment ee = we ay £25,000 
Safety circuits and associated special 

equipment aa — “a £12.000 
B.s.d. instruments and _ precipitators £75,000 


B.s.d. pipework and valves—cost is 
very dependent on layout and design 
adopted oon ree ae a 

Miscellaneous equipment e.g. TV, flux 
scanning, and special equipment for 
commissioning the reactor ... — 

Turbine instrumentation (as for con- 
ventional stations) ... sas ae — 


£402,000 


No allowance has been made in these estimates for the cost 
of data processing equipment where this is to be provided. 


£150,000 (say) 


£40,000 (say) 
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sausfactory. The availability and reliability of a nuclear 
station are vitally, although by no means solely, dependent 
upon the performance of its instrumentation. It may be 
worth noting that the cost of running alternative plant has 
been calculated as being between £10,000 and £15,000 per 
day, should a nuclear reactor not be available at the time 
of winter peak loading, depending on the size of the re- 
actor amongst other factors and making allowance only 
for the actual difference in running costs. 

The need for the instrumentation to trip the reactor 
correctly if and when necessary and yet to discriminate 
against incorrect tripping has already been stressed. The 
cost of the actual instruments on which reliable perform- 
ance of the reactor so largely depends, and in particular 
the cost of the nucleonic instrumentation, forms only a 
minute percentage of the total cost of the station. 


There is no justification, particularly at this early stage in 
the programme, for attempts to economize on the cost 
of the instruments in these stations with the consequent 
possibility of a reduction in their reliability and restric- 
tion of future development. 


Questions are often asked regarding the application in 
nuclear power stations of data logging and data processing 
equipment. Insofar as conventional plant is concerned such 
applications are largely a question of economics, the 
balance between the saving of man hours of a meter 
reader, who may well have to be on site anyway for other 
duties, against the capital cost and the maintenance charges 
incurred. Engineering judgment must be exercised when 
considering such a proposal in assessing the increased re- 
liance which may be placed upon the information so 
obtained, offset by the fact that the human meter reader 
may detect that an instrument is performing abnormally 
and so report an instrument fault that might escape detec- 
tion over a period when using data logging equipment. 


Use of data processing 

In a large nuclear power station, however, the amount of 
information which has to be presented to the control 
engineer, if he is to obtain a true picture of reactor per- 
formance, is sO great that some form of data processing 
may well be justified on this score alone. 

Furthermore, it may be that suitable data processing 
equipment can analyse a relatively small number of 
measurements, where a larger number cannot be made, and 
present a more complete analysis of the conditions of the 
plant than would be possible by visual examination alone 
of the individual records. Again, the equipment may give 
an indication or alarm of an excessive rate of change which 
would be of considerable value operationally but difficult 
to obtain otherwise. 


Reliability essential 

It is quite clear, however, that if data processing equip- 
ment is to be considered for such an application very care- 
ful attention will have to be paid to its design to ensure 
that, under all possible operating conditions, satisfactory 
reliability of operation is obtained, expressed in terms of 
the number of faults occurring over a long period rather 
than the number of failures per unit of data handled. Con- 
servative design ratings, inbuilt marginal testing facilities, 
an inbuilt and automatic self checking system and the fact 
that the equipment will not normally be switched on and 
otf may all help in this respect. 

Burst slug detection equipment is clearly a field in which 
data processing will find immediate application. At Calder 
Hall there are 1696 fuel channels per reactor which are 
normally monitored in groups of 4 and the group activity 
displayed on 54 point recorders, the record of each group 
activity measuring 1 in. by 1} in. There are thus 424 small 
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graphs displayed on 8 recorders which must be examined 
periodically for changes in activity. 


In the reactors for the ‘electricity authorities there are 
approximately twice as many fuel channels as at Calder 
Hall so that the need for some form of data processing 
and alarm system becomes apparent, assuming that the 
same form of b.s.d. monitoring equipment continues to be 
used and its sensitivity is to be maintained. 


There are clearly other fields where data processing 
could be applied with advantage if suitable equipment can 
be obtained at an economic price and having satisfactory 
reliability, particularly as in these fields incorrect informa- 
tion may be much more dangerous than the limited in- 
formation which can be measured and displayed using con- 
ventional apparatus. 

There is obviously a need for careful consideration in 
deciding how much of the information available from such 
a data processing equipment is required to be available in 
the form of permanent records. 


Future nucleonic developments 

The paragraphs which follow are not intended in any 
way to indicate that progress and new developments are 
undesirable but it is felt that there is a need to some extent 
to consolidate existing techniques for power station use 
and in particular to examine the fault liability of equip- 
ment (7). Nucleonic instrumentation in nuclear power sta- 
tions will, doubtless, continue to play a vital role and it 
seems justifiable, therefore, to re-design equipment, where 
requisite, to suit the conditions existing in power stations 
rather than to adopt equipment which was designed for the 
often less onerous conditions of service and maintenance 
existing in laboratories. 


Reliability in operation cannot be too highly stressed and 
in this connexion there may be reason to doubt the 
wisdom of using miniaturized components for electronic 
equipment in power stations. 


There are, of course, good and sufficient technical 
reasons why small components should be used in certain 
radio and radar equipments but if the incorporation of 
such components in power station nucleonic equipment 
results in decreased reliability of operation then this is too 
high a price to pay for the saving of space and the easier 
mechanical handling of a unit, which are generally the only 
advantages resulting from miniaturization applied to power 
station instrumentation. Again, in the design of such equip- 
ment attention must be given to the elimination, wherever 
practicable, of close tolerance components and the design 
must ensure really adequate margins of operation about 
the nominal operating conditions in order to ensure that 
all equipment will continue to function correctly under any 
practicable combination of adverse circumstances. 
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THE DETECTION and measurement of neutrons is of ionized track. The ionization may be collected by apply- 
fundamental importance in experimental nuclear physics, ing an electric field between the electrodes of the detector 
in reactor physics and in the operation and control of and in a continuous flux of neutrons this flow of charge 
nuclear reactors. A very large variety of detectors have may be measured either as a mean current or alternatively 
been developed, but the purpose of this article is to review as a succession of discrete events, each one correspond 
the design and operation of the main types of neutron ing to the release of ionizing particles from a neutron 
detector which operate on the principle of gas ionization. induced reaction. Detectors intended for operation in the 
Since neutrons themselves do not produce ionization, former manner are usually known as d.c. ionization cham- 
their detection must be accornplished by means of the bers, those operating in the latter manner as pulse counters. 
ionizing products of neutron induced reactions. The reac- Mean current detectors are inherently sensitive to any 
tions which are principally used are the elastic scattering ionizing radiation and will respond to external gamma 
processes by fast neutrons, and the n-« and n fission reac- radiation or to beta and gamma radiation from neutron- 
tions. The recoil protons produced by elastic collisions be- induced activities in the materials of the chamber. Of these, 
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Fig 1 Widely used for detection of slow neutrons, the AEREtype RC | d.c. ionization chamber 


tween fast neutrons and hydrogen nuclei can produce ioniz- the most serious are the effects of incident gamma radia- 
ation and may then be detected. Thermal neutrons, that is, tion since the gamma background in which measurements 
neutrons in equilibrium with their surroundings, have in- are to be made is not necessarily known. Residual activity 
sufficient energy for. detection by this means, but will pro- effects are directly related to the neutron irradiation history 
duce an n-« reaction in B-10, yielding a lithium nucleus of the detector. If the gamma background is known or 
and an alpha particle, with an energy of 2°4 MeV. This may be measured independently, the range of application of 
reaction has a large cross section and since boron may be mean current detectors is very wide and their use, particu- 
obtained in convenient physical forms it is much used in larly in the field of reactor control, has been extensive. 
neutron detectors. Slow neutrons may also be detected by Pulse counters, in contrast to d.c. ionization chambers, 
the fission reaction with U-235 which yields heavily ioniz- provide inherent discrimination between different types of 
ing fission fragments with a mean energy per fission of ionizing events. The counters are of two main types, pulse 
some 160 MeV. Again this reaction has a large cross sec- ionization chambers and gas multiplication proportional 
tion and is a convenient one to use. Other fission reactions counters. In both these types, the ionizing particles pro- 
such as that with U-238 or Th-232 may be used for the duced in a neutron reaction yield output pulses consider- 
detection of fast neutrons of appropriate energies. ably larger than those due to gamma interactions and resi- 
The energy of the charged particles produced in the dual activity. This permits pulse height discrimination to 
neutron reaction is absorbed more or less completely in be performed in the associated electronic equipment and 
the gas with which the counter is filled, producing an in general permits satisfactory neutron flux measurements 
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Fig 2 Slow-neutron survey meter, AERE Type 1399A, with 

boron-lined ionization chamber, can differentiate between 

slow-neutron and gamma-radiation hazards. Ranges 04000 
and 0-40,000 n/cm2/sec 


to be made in the presence of gamma backgrounds much 
higher than is possible with d.c. ionization chambers. 


D.C. ionization chambers 

These detectors have been made in a wide range of 
designs but the most common consist of an electrode 
system of either coaxial cylinders or parallel plates suit- 
ably mounted on insulating supports in a gas-tight case. 

The use of coaxial cylinders is generally preferred since 
it permits the greatest possible electrode area to be obtained 
for a given size of case and also enables simple construc- 
tion techniques to be employed. 

The basic principles of construction may conveniently 
be discussed in relation to a chamber widely used for the 
detection of slow neutrons, the AERE Type RC 1, which 
has been described by Abson and Wade (/). A sectional 
drawing of this chamber is shown in fig 1. The electrodes 
consist of coaxial cylinders of aluminium, the inner used 
as the collecting electrode and the outer as the polarizing 
electrode. The adjacent surfaces of these electrodes may be 
left uncoated and the chamber filled with boron trifluoride 
gas to provide the neutron sensitive medium, or they may 
be coated with a layer of elemental boron and an inert 
gas filling used. This coating is extended over the cylindri- 
cal surfaces and the hemispherical end caps. The electrodes 
are supported on aluminium pillars which are -welded to 
the electrode base plates and which are insulated from the 
main chamber end plate by means of quartz disks. The 
electrode system is enclosed in a cylindrical aluminium 
outer case, 34 in. diameter and 9 in. long, which is welded 
to the base plate. A small pumping system permits evacua- 
tion of the envelope, outgassing and filling with the appro- 
priate gas, after which it is sealed off. 

As much as possible of the chamber is constructed of 
high purity aluminium (99°8 pct). The half life of Al-28, 
which is produced by neutron irradiation, is 2:3 minutes 
and by limiting long-lived impurities to a low level the 
current due to residual beta activity in the chamber com- 
ponents is reduced and the operating range of the chamber 
extended. Care is also taken that beta particles from steel 
components are absorbed in aluminium before reaching 
the sensitive volume. 

Boron coatings are applied to the electrodes by painting 
or spraying and may be of natural elemental boron or 
boron highly enriched (92 pct) in B-10. The lighter isotope 
is only 18 pct abundant in natural boron and since B-11 
has no useful reaction with neutrons the enriched material 
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provides sensitivities of up to 5 times those obtained with 
the natural material. The electrode spacing used in the RC 1 
is 6°2 mm and at this spacing about 90 pct of the energy 
of the n-« reaction is spent in the gas when the chamber is 
filled with hydrogen at a pressure of 150 cm Hg. As the 
gas pressure is reduced the gamma sensitivity falls more 
rapidly than the neutron sensitivity; the ratio of neutron 
to gamma sensitivity reaches a maximum at about 50 
cmHg and remains constant below that. 

The sensitivities of this chamber for various filling pres- 
sures and with coatings of natural and enriched boron are 
shown in table 1. These values refer to natural boron 
coatings of 1 mg/cm? and enriched coatings of 0-4 mg/cm?, 
with coated area 500 cm? and sensitive volume 180 cc. 


TABLE 1 Neutron and gamma sensitivities (S, and Sy) for RC 1 








ion chamber 
S. Sy 
gas pressure enriched B natural B 
cmHg a/n/cm?/sec a/n/cm2/sec a/r/h 
Boron lined 
150 Ha: 2:4 x 10-14 6 x 10-15 $0 x 10-12 
50 H: 15 x 10-14 3-8 x 10-15 2:0 x 10-12 
15 Hp 6:0 x 10-15 1:5 x 10-15 6:0 x 10-18 
BF., filled 
30 BF; 6:0 x 10-15 1-3 x 10-12 


2-4 x 10-14 


These are the normal coating densities used and give the 
maximum possible sensitivity for a given gas pressure. 
Where reduced sensitivity is desirable it is preferable to 
reduce the gas pressure since this also reduces the gamma 
response. The polarizing potential required to saturate the 
chamber is a function of the ionization density which in 
turn depends on neutron flux, gas pressure and type of 
coating. For example with a boron coated RC 1 chamber, 
hydrogen filled to 150 cmHg, a polarizing potential of 400 
volts will give more than 99 pct collection efficiency for 
a current of 7 x 10-5 amp. This corresponds to a flux of 
1:2 x 10°° n/cm?/sec with a natural boron coating or 
about 3 x 10° n/cm?/sec with an enriched coating. For 
operation at higher fluxes the collection characteristics can 
be considerably improved for a comparatively small reduc- 
tion of sensitivity by reducing the gas pressure. At 50 cmHg 
the same polarizing supply will give more than 99 pct 
collection efficiency at a current of 3-5 x 10-* amp, cor- 
responding to fluxes of 6 x 10° and 1:5 x 10*° n/cm?/sec 
for natural and enriched coatings. For an enriched BF, 
gas filling, at 30 cmHg pressure, the corresponding values 
are 10-> amp at a flux of 4 x 108 n/cm?/sec. 

The current due to residual activity, induced in an ion- 
ization chamber when operating at a high neutron flux, 
may govern the level of flux at which measurements can 
be made subsequently when the high neutron flux is re- 
duced. This effect is of importance in reactor instrumen- 
tation systems in d.c. channels used for control during 
start-up following a previous shut-down of the reactor. 


TABLE 2 Residual activity for RC 1 ion chamber 


(30 minutes and 8 hours after shutdown) 


electrode Ip /I 











gas N 
coating filling after 30 m after 8h 
enriched boron H2, 150 cmHg 16x 10-7 5-0 x 10-8 
enriched boron H2, 15 cmHg 65x 108 2:0 x 108 
none BF. enriched 30 cmHg 3:0 x 10-7 95 x 108 


Note For natural boron the values of | a! are about 4 times the values 
given in the table. 

Table 2 shows values of the residual activity current Ip 
as a fraction of the neutron current Iy obtained when the 
flux was present. It will be seen that at times greater than 
30 minutes after shut-down of a reactor, it is possible to 
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measure neutron flux levels in the region of 10° to 10° 
of the previous full-power levels. 

The type RC 1 chamber is the principal ion chamber 
in current use for reactor control purposes in the UKAEA. 
A larger chamber, based on a design by Carmichael (2), is 
used for low flux measurements and for some health 
monitoring applications. This is the TPA chamber, which 
is larger than the RC 1, and has an active volume of 5 
litres. For thermal neutron detection it is used with a 
boron trifluoride filling, the range of sensitivities available 
being shown in table 3. Because of the larger electrode 
spacings used (approx | in.) satisfactory ionization collec- 
tion can only be obtained for high currents at low gas 
pressures. For example, at 7°8 cmHg BF, pressure, ade- 
quate collection at a current of 1 microamp requires a 
polarizing voltage of about 1000 volts. This current corres- 
















from gamma-interactions and hence it is possible to differ 


entiate between neutron and gamma radiation by means 


of pulse-amplitude discrimination. It is usually necessar 
to make use of gas multiplication in order to obtain 

voltage pulse from the counter which can be readily de 
tected in a pulse amplifier. The sensitivity of these detector 
is a function of the neutron energy and of the discrimin 
ator bias setting used. The sensitivity rises from zero whe 
the energy of the recoil protons exceeds the discriminato 
bias setting. In a gas-recoil counter the sensitivity ther 
rises rapidly to a maximum as the neutron energy is in 
creased, and then falls gradually due to the decreasin: 
value of the scattering cross-section. In a counter with a 
solid radiator, the sensitivity continues to rise with in 
creasing neutron energy to much higher values. The sen 












































ponds to a neutron flux of about 2 


the outer case and end plate are made of steel. This pro- 
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Fig 3 2 in. dia. BF, pro- eit: iad 
portional counter. Walls 
of 0:03 in. oxygen-free 
copper give good vacuum | 

characteristics 
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vides a strong case which can be filled at high pressure 
but gives poorer residual activity characteristics than the 
RC 1. It may also be used as a fast neutron detector since 
its case will withstand high internal pressures and for this 
purpose it is filled to 20 atmospheres with hydrogen. 
The n-p reaction yields ‘knock-on’ protons which cause 
ionization and for | MeV neutrons a sensitivity of the 
order of 5 10°'* amp per neutron/cm? may be obtained. 


TABLE 3 neutron and gamma sensitivities in TPA ion chamber 
(natural BF; fillings) 





BF, pressure a Sy 
cmHg amp per n/cm?/sec amp per r/h 
7-8 6 x 10714 8 x 10-1! 
20-7 2:3 x 10-73 2:3 10-10 
40:3 4-1 x 10-18 4:5 x 10°10 


Small parallel-plate boron-lined chambers have also been 
used for slow neutron health survey applications. Fig 2 
shows an example of a portable, battery operated instru- 
ment, AERE Type 1399A, which incorporates a parallel- 
plate air-filled ionization chamber. A central collector 
plate is located between two polarizing electrodes with an 
inter-electrode spacing of about 0-5 cm. Four surfaces are 
coated with natural elemental boron and the ionization 
current for 2000 n/cm?/sec (the max permissible level 
equivalent to 7°5 mr/h of gamma radiation) is 1-3 x 10-'° 
amp. The inherent neutron/gamma sensitivity is adequate 
for differentiating between slow-neutron and gamma-radi- 
ation hazards. Thus, the current for 7°5 mr/h of gamma 
radiation is less than 2 pct of the current for a slow 
neutron flux of 2000 n/cm?/sec. 


Proton-recoil counters 

Fast neutrons may be detected by means of their elastic 
collision processes with other nuclei; hydrogen is a par- 
ticularly useful target material as its scattering cross-sec- 
tion is larger than other light nuclei and the average 
energy of the recoils is greater than for heavier nuclei. 
In a gas-ionization detector the hydrogen may be used as 
a constituent of the counting gas or in the form of a 
solid ‘ radiator’ inside the counter or in some combina- 
tion of these two arrangements. The specific ionization 
of the recoil protons is greater than that due to electrons 
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107 n/cm?/sec. The 
quartz-lead compression seal is used in this chamber and 


sitivity and pulse height distribution of a variety of forms 
of proton-recoil counter have been described by Rossi and 
Staub (3). A proportional counter, using a combination 
of gas recoils and recoils from a solid radiator, has been 


glass metal 
lead-through seal 
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applied to the problem of fast neutron health monitoring 
(4, 5). In the counter described by Loosemore and Dennis 
(5) the bias setting can be adjusted so as to give a uniform 
sensitivity versus energy for neutrons in the energy range 
3-14 MeV. Below 3 MeV the sensitivity falls with energy 
sO as to compensate for the increasing permissible level 
of neutron flux*. Thus, with the correct setting of dis- 
criminator bias, the observed counting rate gives a mea- 
sure of the fast neutron hazard irrespective of neutron 
energy. 


Boron trifluoride proportional counters 

The n-x reaction with B-10 is widely used for neutron 
detection in the thermal and epithermal energy region. 
The absorption cross-section is high (approx 4000 barns 
at 0°025 eV) so that high efficiency detectors are possible, 
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Fig 4 Oxygen-free copper and fluxless brazing techniques 


can be used for } in. to 2 in. dia of BF., proportional! counters 


and the variation of cross-section with neutron energy fol- 
lows the |/v law and is free from resonance effects up to 
energies of the order of | keV. 

In boron trifluoride counters, the gas acts as the source 
of B-10 and as the ionization-detection medium. The 
range of the charged particles liberated in the reaction 
*In the range 3-14 MeV, the maximum permissible level for long term 


exposure to fast neutrons is 30 nicm*/sec. Below 3 MeV this rises and at 
0-1 MeV has a value of 200 n/cm?/sec. 
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(tHe, and ‘Li,, total energy 2°4 MeV) is about 0-5 cm in 
BF., gas at s.t.p. For counters in which the product of dia- 
meter and gas pressure is greater than about 0:5 atmo-cm 
it is possible to achieve 100 pct detection efficiency, i.e. 
sufficient ionization is produced by one or other of the 
ionizing particles to provide an output pulse which is 
greater than pulses arising from gamma-interactions. 

Fig 3 shows a sectional drawing of a 2 in. diameter BF.,, 
proportional counter. The general principles of the design 
follow that of other types of gas proportional counter. 
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Fig 5 Counting rate/discriminator bias curve for BF., 

counter 6 ] in. dia. Gas pressure 40 cm Hg. Counting rate 

becomes independent of discriminator bias setting below 
level of about 0-2 of max pulse height 


The electrons produced in the primary ionized tracks are 
attracted to the central anode wire and with a sufficiently 
high positive potential, secondary ionizing collisions occur 
and the final collected charge is thus amplified by a gas 
multiplication process. Special precautions are required 
in the preparation of the BF., gas to ensure that it is free 
from electron-capturing impurities and the counter bodies 
must also be capable of being thoroughly outgassed to 
prevent subsequent contamination of the gas and deteriora- 
tion of the counting characteristics. In the design shown in 
fig 3, good vacuum characteristics are obtained by the use 
of oxygen-free copper as the main constructional material 
and by the use of fluxless brazing techniques for all joints. 
Ihe same manufacturing techniques may be used for a 
wide variety of counter sizes and examples of counters 
with diameter ranging from 2 in. to + in. are shown in 
fig 4. The design details of these counters and their elec- 
trical characteristics and performance are fully described 
elsewhere (6) and only a brief summary of their chief 
properties will be given here. 

BF. proportional counters may be operated with gas 
multiplication factors, M, of several hundred times with 
the counter operating in the proportional region, i.e. the 
collected charge is proportional to the primary ionization. 
The anode voltage required depends on the anode and 
cathode diameters, and on the gas pressure. Some values 
are given in table 4 for M 40 in a variety of counters. 
The voltage change required to change M by a factor 2 
is of the order of 200 volts. Provided that no electrons are 
lost by electron-capture on impurities or by recombination 
with positive ions, the spread in pulse height is determined 
solely by wall effects, i.e. the extent to which particle 
energy is lost in the walls of the counter. Fig 5 shows the 
variation of counting rate with discriminator bias setting 
for a 1 in. diameter counter filled to a pressure of 40 
cmHg. It will be seen that substantially all n-« events are 
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registered at a bias level equivalent to about 0-2 of the 
maximum pulse height and the counting rate becomes 
independent of discriminator bias setting below this level. 
For larger diameter and/or higher gas pressures a longer 
plateau region is obtained on the discriminator bias curve. 
Conversely the plateau region is diminished in small dia- 
meter counters due to the increased wall effects. 

Fig 6 shows a schematic circuit diagram of a propor- 
tional counter used with a pulse amplifier and amplitude 
discriminator. The voltage induced at the anode wire is 
due to the movement of the positive-ion sheath formed 
near the wire by the gas-multiplication process. This volt- 
age rises rapidly at first, reaching about 50 pct of its 
maximum possible amplitude in about a microsec, and 
then increases more slowly as the positive ions drift out- 
wards towards the cathode. The voltage wave-form at the 
anode is subsequently modified by the pulse-shaping cir- 
cuits used in the amplifying chain. These are usually R-C 
differentiating and integrating circuits as shown in fig 6. 
When the time constants of these circuits (T, and T.) are 
comparable with the rise time, T, of the counter pulse, 
the effective input pulse amplitude depends on T,, T., and 
T, as well as on the gas multiplication M and the total 
input capacitance C. 

It is convenient to refer to the counter output pulse in 
terms of the equivalent instantaneous charge collected. 
Thus, when the counter referred to in fig 5 is operated at 
the point P on the bias characteristic (0-2 of max pulse 
height) the input sensitivity of the amplifier is such that 
a charge of 5:5 10-'? coulombs will just trigger the 
discriminator circuit. The input charge sensitivity can be 
measured by injecting a voltage step function (V) through 
a series capacitance C,, into the counter/amplifier input 
circuit ; if C. is small compared with the input capacitance 
C, the injected charge is C.V. The equivalent charge q 
5-5. x 10-'* coulombs (or 3-5 10° ion pairs) applies to 
a case where T, : 0:8 microsec and the gas multi- 
plication M is approx 40. The corresponding effective 
input voltage amplitude is q x 1, where the factor 1 is 

Cc € € 
the attenuation of a step function input, produced by the 
R-C differentiating and integrating networks when their 
time constants T, and T., are equal. If the triggering volt- 
age of the amplitude discriminator circuit is V, the gain 
required in the pulse amplifying stages will be V, x C.e. 


q 





Fig 6 Schematic circuit of counter, pulse-amplifier and pulse- 
counting system 


The value of the equivalent instantaneous charge q de- 
creases as the differentiating and integrating time con- 
stants are reduced to values comparable with or less than 
the counter rise-time T; for T, = T, 0-16 microsec. 
q is reduced to about a half the value quoted for T, : 

0:8 microsec. 

Counter sensitivities may be estimated from the total 
cross-section of the B-10 within the sensitive volume. 
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Boron enriched in the B-10 isotope (95 pct B-10) is cur- 
rently available for counter applications; the total cross- 
section for thermal neutrons of | ml of the BF, gas at 
S.t.p. is approximately 0-1 cm’. If the fractional absorption 
of neutrons within the gas in the counter is small, the 
counter sensitivity in terms of counts per unit neutron 
flux is equal to the total B-10 cross-section in cm?. Table 
4 gives some details of the sizes and sensitivities of the 
counters shown in fig 4. 


TABLE 4 Typical sizes and sensitivities of Boron Trifluoride 
Counters 


gas anode 
cathode anode sensitive pres- voltage 


approximate 
diameter diameter length sure forM=40 


sensitivity 





in. in. in. cmHg volts cps per unit 

thermal 
neutron flux 

0:5 0-001 2 40 1200 0-3 

0:5 0-001 1 40 1200 1-7 

1-0 0-002 5 40 1800 3-0 

1-0 0-002 12 70 2400 13-5 

20 0-004 6 70 3500 27°5 

2:0 0-004 16 70 3500 73 

2:0 0-004 43 70 3500 196 


Banks of large counters, in various geometrical arrange- 
ments, are used as high efficiency detectors in experiments 
on neutron absorption and scattering. The smaller-size 
counters have applications in the measurement of neutron- 
flux distribution and also in reactor instrumentation 
systems for the monitoring of neutron power at levels 
where pulse-amplitude discrimination is necessary to dif- 
ferentiate between neutron and gamma-radiation. Although 
individual pulses due to gamma-interactions are smaller 
than ‘neutron pulses,’ build-up of these pulses at high 
gamma-radiation levels will eventually mask the neutron 
pulses. The build-up effect is greater for the larger counters 
because the number of gamma interactions increases with 
the cathode area and the amplitude of the individual 
gamma pulses increases with counter diameter and gas 
pressure. The effect can be minimized by the use of short 
time constants in the pulse amplifier, so as to reduce the 
effective response time of the counter/amplifier system 
to a minimum value equal to the counter response time. 
A 6 x 1 in. diameter counter, filled with BF, at 40 cmHg 
may be used in the presence of gamma-radiation dose- 
rates of about 200 r/h. With differentiating and integrating 
time constants of 0:16 microsec the gamma-radiation 
effects can be rejected with the discriminator circuit set 
at a level greater than about 0:2 of the maximum pulse 
height, i.e. point P in fig 5. 


Fission counters 

In fission counters, a thin layer of the fissionable material 
is deposited on the electrode surface. The energy of the 
fission fragments resulting from the absorption of a neu- 
tron is some 160 MeV and the particle ranges are very 
short, e.g. of the order of | cm in argon at atmospheric 
pressure. It is not therefore necessary to make use of gas 
multiplication and an easily detectable, fast-rising voltage 
pulse is obtained due to the collection of the electrons 
produced in the ionized tracks between the plates of a 
two-electrode ionization chamber. 

The counters are used with a pulse-amplifier and dis- 
criminator unit in the same way as boron trifluoride 
proportional counters. Pulse build-up effects due to 
gamma-radiation do not become prohibitive until very high 
gamma-radiation dose-rates are reached, and the limiting 
level of dose-rate is more than 100 times that of a BF, 
counter of comparable size. On the other hand, for a 
given size of counter it is not possible to attain the high 
thermal neutron sensitivity of a BF, counter. The design 
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Fig 7 Fission counters with cathode areas ranging from 3 to 
15,000 cm? 


criteria and electrical characteristics of a variety of fission 
counters used for reactor-control instrumentation and for 
neutron-flux distribution measurements, have been des- 
cribed by Abson, Salmon and Pyrah (7), and some examples 
of counters of varying sizes are shown in fig 7. In some 
cases the electrodes consist of a series of concentric inter- 
leaved cylindrical tubes so that the maximum cathode 
area, and hence maximum sensitivity, can be obtained in 
a given overall size of counter. Fig 8 shows a sectional 
drawing of a cylindrical counter with a single central 
anode. The fissionable material is deposited on the separate 
cathode sleeve. 

With coatings of the order of 0-1 mg/cm’, one or other 
of the fission fragments emerge from the coating into the 
gas space between the electrodes and a 100 pct detection 
efficiency is obtained. Coating thicknesses up to 1 or 2 
mg/cm? may be used in order to increase the counting 
sensitivity per unit area, but the efficiency is then reduced, 
by complete absorption of some of the fission fragments 
within the coating, to a value of some 60-70 pct. Fig 9 
shows counting rate/discriminator bias curves for various 
thicknesses of foils in a parallel plate chamber. It will 
be seen that for a coating thickness greater than 2 mg/cm’, 
the plateau characteristic of the discriminator bias curves 
is deteriorating. The bias level is given in terms of the 
equivalent instantaneous charge and it will be seen that 
the value at a typical operating point in the plateau 
region is about 0-4 x 10° ion pairs. With a gas filling 
of A+2 pct N, the product of gas pressure and elec- 
trode spacing should be about 1:0 atmo-cm in order to 
attain maximum pulse height, and a polarizing voltage of 
500-1000 volts is then required in order to avoid appre- 
ciable recombination of the primary ionization before 
collection. The electron-collection time, which determines 
the rise-time of the counter pulse, is a small fraction of 
1 microsec and the equivalent instantaneous charge q 
does not change appreciably with changes in the amplifier 
time constants down to 0:2 microsec. Counting rates 
up to some 3 x 10° cps can be registered with counting 
losses less than 10 pct; this compares with a value of 
about 10° cps for a BF, proportional counter with rise- 
time of about 1 microsec. 

U-235 is used when the highest thermal neutron sensi 
tivity is required. The neutron/fission cross-section at 
thermal energies is 590 barns, and the counting response 
of a counter containing 1 g of U-235 with a coating thick- 
ness of | mg/cm? is approximately 1 cps per unit thermal 
neutron flux. The large counter shown in fig 7, which has 
a total cathode area of 1500 cm? can thus be used with 
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a U-235 coating of some 1°5 g and a sensitivity of 1-5 
cps per unit thermal neutron flux. The maximum sensi- 
tivity of a fission counter is limited by the electrical capa- 
citance and also by the alpha activity in the fissionable 
coating, and it becomes impracticable to consider thermal 
neutron sensitivities (using U-235) greater than a few 
cps per unit flux. The intermediate sizes of counter shown 
in fig 7 and the counter shown in fig 8 have cathode areas 
of the order of 100 cm? and with U-235 coatings may 
have thermal neutron sensitivities of up to about 0°1 cps 
per n/cm?/sec. Very small, low sensitivity counters have 

ceramic -metal 

lead through seal 


—— 


coated cathode 


at a gamma radiation of about 0:2 r/h, and for measure- 
ments to be made at these low fluxes in the presence of 
gamma background some shielding round the chamber 
is necessary. A pure lead shield 4 in. thick would reduce 
the intensity of the gamma radiation in a reactor thermal 
column by a factor of 100 and provide a useful extension 
of the range of the detector. A further extension of about 
a decade may be obtained by the use of a gamma-com- 
pensated chamber in which the gamma response of the 
neutron chamber is backed off by the output of a second 
chamber sensitive only to gamma radiation. Current due 
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been used up to flux levels of the order of 102° n/cm?2/sec 
and could if necessary be used at higher fluxes if the sen- 
sitivity were suitably reduced to limit the counting rate 
to a maximum of 10° cps. The upper level of neutron 
flux will be set by the level of the accompanying gamma 
radiation ; small { in. diameter counters may be used in 
the presence of gamma radiation up to levels of 10® r/h. 

Fission counters are also used with appropriate fission- 
able materials for fast neutron measurements. Thus, U-238 
and Th-232, with neutron/fission thresholds in the region 
of | MeV may be used in conjunction with thermal neutron 
detectors for the estimation of fast and slow neutron com- 
ponents in reactor core assemblies. 

The range of usefulness of slow neutron d.c. ionization 
chambers extends, in the absence of gamma background, 
from fluxes of the order of a few neutrons/cm?/sec to 
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Fig 9 Fission counter sensitivity depends on thickness of 

fissionable material rating (U,O.). Counting rate/discrimina- 

tor bias curves for cathode coating in mg/cm? of 1-0 (A), 
2-1 (B), 32 (C) and O-12 (D) 


10'' neutrons/cm?/sec or higher. However, the presence 
of gamma fluxes, unavoidable in reactor installations, and 
considerations of residual activity impose restrictions on 
their use. At very low fluxes the currents obtained are 
very small and suitable precautions must be taken in their 
measurement. In reactor installations the lowest current 
that can satisfactorily be measured is of the order of 
10-'* amps, and in the most sensitive RC 1 ion chamber 
this corresponds to a flux of about 50 neutrons/cm2/sec. 
In such a chamber a similar response would be obtained 
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to residual activity also limits the overall range of an 
ion chamber to some six decades and chambers which are 
normally only used at low levels may require shielding 
or withdrawal from the neutron flux at full power to 
prevent the build-up of high activities. The limitations at 
high neutron flux levels are due mainly to the difficulty of 
ionization collection. 

Pulse-type gas-ionization counters using the B-10 reac- 
tion or the fission process can be used in conjunction with 
pulse amplitude discrimination for the measurement of 
low neutron flux levels in the presence of high gamma 
radiation dose-rates. A range of sensitivities is available by 
the use of various sizes of counter, but the maximum 
counting rate with a particular counter is limited to about 
10° cps. For example, a BF, counter with overall dimen- 
sions of 6 1 in. dia may have a sensitivity up to 5 
cps per n/cm?/sec and may thus be used for flux mea- 
surements up to 2 10* n/cm?/sec. The lower level of 
flux measurement is governed by statistical fluctuations 
in the counting rate, and for reactor control applications 
will be of the order of 10 n/cm?/sec (= 50 cps). In 
this size of counter, discrimination against the pulse build- 
up effects from gamma radiation is possible up to dose- 
rates of a few hundred r/h. A U-235 coated fission 
counter of similar size may have a sensitivity up to 0:1 
cps per n/cm?/sec. A counting-rate range of 50 to 10° 
cps will thus correspond to a neutron flux range of 500 
to 10° n/cm?2/sec and discrimination against gamma radia- 
tion will be possible up to dose-rates of about 10° r/h. 

Gas-ionization chambers and counters have so far proved 
to be the most suitable type of detector for the majority 
of neutron measurements required in nuclear reactors, be- 
cause of the wide range of measurement possible and their 
ability to withstand long radiation exposures without 
damage. Although solid state detectors such as the scintal- 
lation counter may be used to give higher neutron sensi- 
tivity (by virtue of condensing the neutron detecting 
material into a small space), their gamma sensitivity is 
also increased and they are limited to applications where 
the gamma dose-rate is low. They are also less resistant to 
radiation: damage and are less suitable for use at elevated 
temperatures than gas-ionization detectors. 
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SCINTILLATION NEUTRON COUNTERS 


R. B. OWEN, BSc, AMIEE 
AERE, Harwell 


SCINTILLATION COUNTERS are now widely used to 
detect with high efficiency uncharged radiation in the form 
of gamma rays, but their use for detecting uncharged radia- 
tion in the form of neutrons has not been such an unquali- 
fied success, and no simple fast or slow neutron detecting 
phosphor has yet emerged which is of such widespread 
application as is for example Nal-Tl for gamma rays. But 
there are a number of different types of scintillation neu- 
tron detectors from which it may be possible to choose 
one to suit a particular problem. 

Neutrons are seldom produced without a multiplicity 
of gamma rays. For example, in fission about three gamma 
rays are produced per neutron whilst Ra-Be neutron 
sources produce about 10* gamma rays per neutron and 
even Po-Be produces about | gamma ray per neutron. 
The probability that the gamma ray will produce a second- 
ary electron within the phosphor is generally of the order 
of 10 pct per cm path. The relative gamma and neutron 
detecting efficiencies will therefore be of some importance 
in almost all neutron detectors. An exception occurs where 
a pulsed neutron source is used in conjunction with time 
of flight techniques; in this case gamma sensitivity is of 
less importance provided it does not contribute appreciably 
to background. 


1. SLOW NEUTRON DETECTORS 


1.1 Neutron capture gamma ray detectors 

Slow neutrons can be detected by the prompt radiation 
emitted when they are captured by some target nucleus. 
A detector of this type is used with the time of flight 
spectrometer on the Harwell linear accelerator (/). In this 





Fig 1 Apparatus for detecting neutrino capture (section 
1.2) A and B are tanks of cadmium solution, |, II and Ill 
are separate tanks of liquid scintillator. The neutrino reacts 
with a proton to produce a positive electron and a neutron. 
The position is detected by coincident pulses from the anni- 
hilation radiation. and the neutron which takes a few micro- 
sec to become thermalized, is detected by the coincident 
gamma rays produced when it is captured in cadmium 





case a block of elemental boron enriched in B-10 is 
placed in the neutron beam. The '’B(ne)'Li reaction 
results in the emission of a 0-478 MeV gamma in 93:5 
pet (2) of cases of thermal neutron capture. This gamma 
ray is then detected by thallium activated sodium iodide 
crystals which are shielded from background gamma radia- 
tion and from the main neutron beam, which includes a 
paralysing gamma flash. For time of flight work this 
arrangement has the advantage of small timing uncer- 
tainty and can be used for neutron energies up to | ke\ 
The detection efficiency depends on the product of the 
solid angle subtended by the NalI-Tl crystals and their 
detection efficiency for the 0-478 MeV gamma ray. Owing 
to the high detection efficiency of Nal to stray gamma 
radiation and due to K-40 and other activities in the 
phosphor and the multiplier photocell, shielded back 
grounds of the order of 1 cpm per g Nal might be ex 
pected. Effective background can be reduced by a factor 
of about 5 for this application by use of pulse height 
selection on the NalI-T]1 crystals. 


1.2 Coincidence capture gamma ray detectors 

Another method by which background can be reduced 
on a capture gamma ray neutron detector is to use as a 
target a material giving several gamma rays per neutron 
capture, and to detect these in coincident gamma detectors 
(3). For example Cd (gamma multiplicity 4:1) or Sm 
(gamma multiplicity 5-6) might be used. As a result of the 
coincidence detectors however, efficiencies might be ex 
pected to be low unless very large secondary detectors are 
used. Such a system using liquid scintillators of dimen 
sions of several feet was used by Cowan, Reines et al (4) 
to detect the neutrino. 


1.3 Boron-ZnS(Ag) mixtures 

As an alternative to detecting neutron capture gamma 
rays, a target nucleus from which a charged particle is 
emitted when a neutron is captured might be chosen: 
for example the '°B(ne)*Li reaction might be used in 
which the alpha particle and Li nucleus share 2°320 MeV 
(Q 2:793 MeV). Scintillators utilizing this reaction in- 
clude ZnS and B.O, fused together as a glass or mixtures 
of ZnS and a boric acid-glycerine polyester. 

Optimum design of these phosphors consists of essen- 
tially the maximum thickness of ZnS(Ag) phosphor which 
is transparent to its own scintillations together with the 
minimum amount of boron loaded binder necessary to 
hold it together. Sun, Malmberg and Pecjak (5) report that 
a counting efficiency of 21 pct is obtained for the natural 
boron-ZnS(Ag) polyester plastic system if the gamma flux 
does not exceed 0:1 mr/h. Thus a 2 in. dia disk can be 
expected to give 4 counts/neutron/cm?* to a flux of thermal 
neutrons at normal incidence to the disk. (This may be 
compared with a | in. dia 6 in long proportional 
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counter filled to 70 cm pressure of BF, enriched in B-10, 
which would give 5 counts/neutron/cm?, or a 2 in. dia 

9 in. long BF. counter, which would be of similar 
size to 2 in. disk and multiplier photocell, and would 
give 24 counts/neutron/cm? if filled with 70 cm BF,-10.) 

When the gamma ray background is much greater than 
0-1 mr/h, the operating bias level must be raised if gamma 
rays are not to be registered as neutrons. Fig 2 shows 
the bias curves obtained with a 5 in. dia B-10 polyester 
plastic disk when irradiated with thermal neutrons and 
Co-60 gamma rays. A gamma background of the order 
of | rad/h involves a serious sacrifice of neutron count- 
ing efficiency. By comparison a 2 in. dia 9 in. long 
BF. counter can be used in gamma fields of order 50 
rad/h. With the phosphors however, the concentration of 
the sensitive volume into a thin layer results in a small 
timing error for time of flight purposes and detectors of 
this type have been selected as the most suitable for the 
Harwell fast chopper. Efficiencies of the order of 3 pct 
are expected for | keV neutrons (6). 
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Fig 2 Bias curves for boron plastic —ZnS (Ag) system. 5 
in. phosphor, 88 pct B-10, when irradiated with thermal 
neutrons and gamma rays 


1.4 Gas scintillators 

Gas scintillators have been suggested as suitable for de- 
tecting heavy charged particles emitted on neutron capture 
by elements such as B-10 or U-235. They consist essentially 
of a noble gas as free as possible from molecular impurities, 
and as most of the light is emitted in the ultra-violet, a 
converter such as quaterphenyl may be used which absorbs 
the u.v. and re-radiates visible light suitable for the photo- 
multiplier (7). 

The efficiencies and interference from gamma radiation 
expected from this type of detector are about the same 
as one might expect from gaseous detectors of similar 
dimensions employing charge collection; the pulse ampli- 
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tude resolution is rather worse, but the pulses have been 
reported as having rise times of the order of 10 millimicro- 
sec and full widths at half max of 20-30 millimicrosec (8, 9). 
This is 10 to 100 times faster than one might expect when 
using charge collection. 

The use of a 10 pct Xe-90 pct He mixture has been 
suggested (/0) as suitable for use as a high efficiency 
neutron counter employing the *He(np)*H reaction (Q = 
0:78 MeV). 


1.5 Boron loaded liquid scintillators 

Unfortunately no inorganic boron containing phosphor 
has yet emerged which is available in large clear volumes. 
Boron has however been introduced as methyl borate and 
in other forms into organic solution scintillators (//). In 
these scintillators, if they are of small size, the gamma 
ray escapes and the scintillation results from excitation 
by the alpha particle and the Li-7 recoil. A major draw- 
back with all organic scintillators however, is the much 
lower light output per MeV from the more intensely 
ionizing particles, the light output from electrons, protons, 
and alpha particles of the same energy being roughly in 
the ratio 1:0-3:0°07. Bollinger and Thomas (/2) report 
that the scintillation intensity from the boron disintegra- 
tion products in a liquid scintillator produce a pulse equal 
to that for a 40 keV electron, and as a result the scintil- 
lator signal is comparable in magnitude to photomultiplier 
noise pulses. Fairly elaborate arrangements of coincidences, 
cooling etc may thus be necessary if this system is to be 
utilized. Detection efficiences with such an arrangement 
however can be extremely high. Bollinger and Thomas, 
using a liquid scintillator containing 50 pct methyl borate 
(96 pct B-10) find efficiencies of 92 pct at 1 eV and 50 
pet at 1 keV from a path length of 5 cm in the phosphor. 
Gamma sensitivity however will be of the order of 4-10 
pct/cm, though pulse height selection might be used here 
to improve the neutron/gamma ratio. The light output 
from these types of scintillator has been materially im- 
proved by use of naphthalene as a secondary solute. 


1.6 Lithium lodide-europium crystals 

Lil-Eu by use of the ®Li(n-¢)'H reaction (Q = 4-80 
MeV), also offers a possible method of detecting thermal 
neutrons, with high efficiency (approx 90 pct for thermal 
neutrons and approx 3-5 pct for 1 keV neutrons for 2 in. 
thick crystal using nat.Li). It is however extremely diffi- 
cult to prepare and to keep. In addition Lil-Eu is no less 
efficient than NalI-Tl for detecting gamma rays. Use of 
Lil enriched in Li-6 (7 pct in nat.Li) to some extent over- 
comes this limitation. Neutron activation of the iodine 
may also limit the usefulness of this material. (If the 
detection efficiency in a 2 2 in. crystal were 100 pct it 
would give about 20 counts/thermal neutron/cm?—about 
the same for thermal neutrons as the BF, counter 2 in. 
dia x 9 in. long discussed in para 1.3.) By cooling 
selected ®Lil-Eu crystals to -196°C Murray (/3) has 
shown that monoenergetic neutrons of 2°9 and 14-4 MeV 
produce well defined peaks of full width at half maximum 
of 14 pct and 6 pct respectively. Consequently these 
crystals can be used as a fast neutron spectrometer with 
efficiencies of the order of 0:1 pct. 


1.7 Particle multipliers 

Though not strictly a scintillation method, electron mul- 
tiplier techniques might be used to obtain high speed 
detection. 

For example if a U-235 surface is coated with a suitable 
layer, perhaps BeO, 40-100 low energy secondary electrons 
will be ejected per fission fragment (/4). These could be 
collected into an electron multiplier thus eliminating the 
necessity for a phosphor. Such an arrangement might be 
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expected to have a neutron to gamma discrimination com- 
parable with, or even better than pulse ionization chamber 
devices. 


1.8 Alternative methods 

It might also be noted that NalI-Tl has been used as an 
activation method of monitoring slow neutrons using the 
25 min I-128 decay (2 MeV beta) or the 15 h Na-24 decay 
(cross sections 6:3 barn and 0°6 barn respectively). Simi- 
larly the exposure of individuals to neutron fluxes might 
be determined by the induced activity in Na-24 in the 
body by means of body monitoring techniques using Nal- 
Tl scintillation counters (/5, /6). A whole body slow 
neutron irradiation equal to 3 h at 1 m.p.l. will produce 
Na-24 gamma activity about equal to that of natural K-40, 
i.e. of the order 10 times the detectable limit. 


2. FAST NEUTRON DETECTORS 

2.1 General 

Organic phosphors can be used as an activation method 
to detect neutrons above 20-4 MeV by the '2C(n,2n)C!! 
reaction as described by Sharpe and Stafford (/7) C-11 
decays by 1 MeV positron emission with a half life 20 
min. The cross section for this reaction at 90 MeV is 
0:02 barn. More usually however fast neutrons are de- 
tected by means of the hydrogen scattering process which 
gives rise to proton recoils. Any organic phosphor can 
be used for this purpose but the relatively poor response 
cf the organic scintillator to proton excitation usually 
limits its application to neutrons of greater than 500 keV 
energy. If we consider the organic phosphor as approxi- 
mating to (CH), the relative cross sections for the pro- 
duction of ionizing particles by gamma rays and neutrons 
can be seen to be comparable from table 1. 





Table 1 
H(nn)H Compton 
scattering cross-section scattering cross-section 
per (CH) per (CH) 
100 keV 12°5 barn 3-5 barn 
1 MeV 4S 4 i ae 
10 MeV 0 . oe » 


Neutron detection efficiencies are thus of order 10-20 
pct/cm path i.e. two or three times the gamma detection 
efficiency. 


2.2 Hornyak buttons 

Efforts have been made to improve the neutron-gamma 
discrimination by separating the functions of scatterer 
and detector. G. N. Harding (/8) describes an attempt to 
match the refractive index of KI-Tl with a hydrocarbon 
oil. Later Hornyak (/9), described a mixture of ZnS and 
a hydrogenous plastic, e.g. Lucite. With these detectors 
(Hornyak buttons) gamma sensitivity is reduced because 
secondary electrons only dissipate a small fraction of 
their energy within a phosphor grain. As with the B-ZnS 
mixtures for slow neutron detection, the thickness of ZnS 
which can be used is limited by its high refractive index 
(u = 2:3) and optimum design for the Hornyak button 
is 1-5 g ZnS mixed with 10 g Perspex, and compressed into 
a disk about | cm thick. Owing to light losses due to scat- 
tering from different points in the disk, there is a wide 
variation in the amplitude of the detected light pulses. 
Neutron detection efficiency therefore depends on the bias 
setting chosen, and is usually of the order of 1 pct for 5 
MeV neutrons. In an effort to improve further on this type 
of detector, small spheres of plastic phosphor, of diameter 
approximately equal to the range of a recoil proton, were 
disposed throughout a non-hydrogenous medium such as 
carbon tetrachloride or other totally halogenated hydro- 
carbons. The liquid is introduced to absorb as much 


energy as possible from the secondaries produced by 
gamma rays. Higher efficiencies are obtained than w th 
Hornyak buttons, but gamma suppression is still not very 
good. 


2.3 Fast neutron detectors for health instrumentation 

The ICRP recommendation on the maximum permis- 
sible flux levels (m.p.l.) for neutrons of various energies is 
given in table 2. 





Table 2 

Neutron max permissible level 1 
energy neutron flux m.p.l. 
025 eV 2000 n/cm2/sec 5 x 10-4 

10 eV 2000 5 x 10+ 

10 keV 1000 10 x 10-4 
0-1 MeV 200 50 x 10-4 
0:5 MeV 80 125 x 10-4 

2 MeV 40 250 x 10-4 
3-10 MeV 30 330 x 10-4 


To give an accurate assessment of the hazard therefo‘e, 
neutron detectors with a response inversely proportional 
to the m.p.l. are required. 

Moyer (20) has shown that the number of protons which 
are ejected from the surface of a thick hydrogenous radia- 
tor is proportional to the total neutron energy incident; 
mixtures of ZnS in a hydrogenous medium or deposits 
of ZnS on a hydrogenous backing can thus be used to 
indicate this quantity. 

Keep (2/) considered the use of Hornyak buttons for 
health instrumentation. He finds that with a 12°5 cm dia 
scintillator at a bias setting where 100 m.p.l. of gamma 
radiation produces 2 cps, 1 m.p.l. of 5 MeV _ neutrons 
produces 8 cps, and the count rate due to | m.p.l. of 
500 keV neutrons at this bias would be about 2 cps. 

Thompson (22) describes a counter consisting of } in. 
thick walled hollow polythene sphere 7 in. in dia coated 
internally with ZnS, viewed by a 2 in. dia end window 
photomultiplier. He finds neutron sensitivity varies directly 
with gamma sensitivity, both sensitivities being functions 
of energy. With 100 mr/h (approx 13 m.p.l.) Ra gamma 
radiation ‘ biased out,’ the counter sensitivity is 10 cps 
for a flux of | m.p.l. of Po-Be neutrons. From Keep’s 
data one might expect this sensitivity to be halved if about 
100 m.p.l. of gammas are present and are biased out. 

With Thompson’s and Keep’s system the count rate per 
unit neutron flux is directly proportional to neutron energy 
so that measurement of biological hazard requires a know- 
ledge of this mean neutron energy from some other source. 
In an effort to obtain a 1 m.p.l. characteristic, Skj6ldebrand 
(23) describes a spherical counter of about the same size 
as Thompson’s. The thickness of the hydrogenous radiator 
was 9:2 mg/cm? over most of the sphere but over 19 pct 
of the active area the radiator was 100 mg/cm? covered 
with 29 mg/cm? Al foil. In this way he was able to 
obtain a good approximation to the required characteristic. 
Again neutron sensitivity varies with gamma sensitivity : 
Skjéldebrand reports that when 200 mr/h of Ra gammas 
(about 30 m.p.l.) is ‘ biased out’ the fast neutron sensitivity 
is about 1 cps/m.p.]. of fast neutrons. 

A gas ionization detector has been designed to give a 
response suitable for measuring neutron dose in terms of 
m.p.l. by Dennis and Loosemore (24). It consists essentially 
of a tubular counter 6 in. long x 2 in. dia containing three 
cells lined with polythene. An approximate 1 m.p.l. response 
is obtained by suitably adjusting wall area and gas pres- 
sure. It is found that from this counter a counting rate of 
0-9 cps is obtained for 1 m.p.l. of fast neutrons. Among 
the main advantages of this type of counter is the lower 
gamma sensitivity, 360 m.p.l. of gamma rays producing a 
reading corresponding to one-third of a fast neutron m.p.1. 
Secondly the gas itself is used as a detector for the very 
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jow energy neutrons, with a result that a much better 
approximation to the | m.p.l. curve is obtained than 
appears possible from Skjéldebrand’s data. 


2.4 Organic scintillators for fast neutron detection 

None of the ZnS-Ag methods of detecting hydrogen re- 
coils allows efficiencies much higher than about 1 pct in 
even quite small gamma fluxes. Where higher efficiencies 
of neutron detection are required, some way must be 
found of overcoming the high gamma sensitivity of the 
jarge transparent organic phosphors which results from the 
comparable scattering cross-sections of gamma rays and 
neutrons, and the fact that the light output from recoil 
protons is only about one-third of that from electrons 
of the same energy. One approach to this problem has 
been to incorporate boron or cadmium with the phosphor. 
A fast neutron then produces a pulse corresponding to the 
early knock-on proton followed by disintegration products 
or capture gamma rays arising from capture of the thermal- 
ized neutron occurring some time later. Large tanks of 
liquid scintillator are required to ensure that the neutron 
is not lost by diffusion out of the tank, and also, if gamma 
detection is used, to obtain a high probability of detecting 
at least one of the capture gamma rays. 

Reines et al (25) describe a large tank (dimensions of 
the order of feet) in which the neutron capture pulses 
have a maximum probability of occurrence about 2 or 3 
microsec after the initial recoil event. Thus neutrons are 
identified as delayed coincident pulses. Where large scintil- 
lators like this are required, gamma efficiency will be very 
high so that there may be an appreciable random coinci- 
dent rate due to background gamma flux. 

Another very powerful method of reducing the gamma 
sensitivity of organic phosphors has been recently demon- 
strated by Brooks (26). Wright (27) first reported differences 
in decay time between pulses originated by electrons and 
alpha particles for stilbene and anthracene. It was further 
shown by Brooks that many organic phosphors possessed 
this property and that it could be used to differentiate be- 
tween pulses originated by neutrons and by gamma rays. 
The effect is exhibited by a large number of phosphors. 
Best gamma ray discrimination is shown by stilbene, but 
good results can be obtained by almost all the crystalline 
phosphors, and with well deoxygenated liquid phosphors, 
including those containing naphthalene as a secondary 
solute to increase the scintillator efficiency of solutions 
containing boron, Cd etc. With Tolan and with the plastic 
phosphors so far tested the effect appears to be absent. 

The main difference between alpha particle, proton or 
electron pulses appears to lie in the long lived components 
(approx 100 millimicrosec) of fluorescence decay time (28). 
It is thus not essential to use extremely fast multipliers 
which can follow the fast components (approx 5 milli- 
microsec), consequently photomultipliers 5 in. in dia with 
the relatively slow venetian blind dynode systems are quite 
satisfactory for the purpose. Attempts have been made to 
test whether the new 12 in. dia EMI multipliers can be 
used but this does not appear possible at the moment due 
to the very low fields and large differences in collection 
times between the centre and edges of the photocathode. 

It is thought that a fast neutron detector having an 
efficiency of at least 20-50 pct and a gamma efficiency of 
about 0:1 pct or less will be obtainable for neutron energies 
above 500 keV. 

The method may also be adopted to reduce the gamma 
sensitivity of the boron loaded liquids for slow neutron 
detection, though in this case good gamma discrimination 
may be difficult due to the statistical fluctuation likely in 
the number of photoelectrons produced by the low inten- 
sity of scintillation from the B-10 reaction. Capture of the 
0-478 MeV gamma rays in large detectors might also prove 
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Fig 3 Differences in fluorescence decay time under gamma 

ray and neutron excitation (2.4). Each scintillation in stil- 

bene is presented as a spot on a c.r.t. face, the X-deflexion 

being proportional to the total light emitted and the Y-de- 

flexion dependent on the peak light intensity. A is obtained 

from thorium gamma rays and B from a Po-Be source which 
emits neutrons and gamma rays 


a source of difficulty, but work is actively proceeding 
along these lines. 

At present the only simple scintillation phosphors suit- 
able for fast and thermal neutron counting in the presence 
of high gamma fields are those based on ZnS-Ag mixed 
with either boron or a hydrogenous medium. These have 
gamma sensitivities at least an order of magnitude greater 
than have gas ionization devices of the same neutron sen- 
sitivity. Moreover the scintillation counters have, size for 
size, including the photocell container, approximately the 
same or lower overall sensitivities. Scintillation neutron 
counters do have advantages when no gamma rays are 
present, in particular for time of flight work where much 
smaller timing uncertainties are possible. Higher efficiencies 
can also be obtained in the epithermal region which is 
also appropriate to this application. 

Higher neutron sensitivities using transparent organic 
phosphors may shortly become available which will seri- 
ously compete with the gas counters. No detectors exist 
covering the 20-200 keV range of neutron energies. 


References 

Rae, E. R., and Bowey, E. M., Proc Phys Soc 1953 65 p 1073 

Duren, G. A., and Rosenwasser, H., Phys Rev 1954 93 p 831 

Albert, R. D., and Gaerttner, E. R., Rev Sci Inst 1955 26 p 572 

Cowan, C. L., Harrison, F. B., Langer, L. M. and Reines, F., 

Cim 1956 Series 10 3 p 649 

5. Sun, K. H., Malmberg, P. R., Pecjak, F. A., Nucleonics 1956 14 (7) p 47 

6. Nicholson, K. P., Hall, J. W., AERE 1956 Memorandum N/M76 

7. Sayers, A. and Wu Co So, Rev Sci Inst 1957 28 p 758 

8. Boicourt. G. P. and Brolley, J. E., Rev Sci Inst 1954 25 p 1218 

9. Northrop, J. A., and Nobles, R., Nucleonics 1955 14 (4) p 36 

10. Northrop, J. A., Gursk, J. M. and Johnsrud, A. E., Proc 6th Scintil- 
lation Counter Symposium Washington 

11. Muethause, C. O. and Thomas, G. E., Nucleonics 1953 11 (1) p 44 

12. Bollinger, L. M. and Thomas, G. E., Rev Sci Inst 1957 28 p 489 

13 oe R. B., Proc 6th Scintillation Counter Symposium, Washington 

S58 

14. Stein, W. E. and Leachman, R. B., Rev Sci Inst 1956 27 p 1049 

1S. Owen, R. B., Brit J Radiology 1957 Supp. 7 

16. Marinelli, L. D., Ibid. 

17. Sharpe, J. and Stafford, G. H., Proc Phys Soc 1951 A64 211 

18. Harding, G. N., Nature 1951 167 p 437 

19. Hornyak, W. F., Rev Sci Inst 1952 23 p 264 

20. Moyer, J. B., Nucleonics 1952 11 (5) p 14 

21. Keep, K. R., AWRE, 1954 Report 0-8 / 54 

22. Thompson, B. W., Nucleonics 1954 12 (5) p 43 

23. Skjéldebrand, R., J. Nuclear Energy 1955 ] 229 

24. Dennis, J. A. and Loosemore, W. R., AERE 1957 report EL/R p 2149 

25. Reines, F., Cowan, C. L., Harrison, F. B. and Carter, D. S., Rev Sci 
Inst 1954 25 p 1061 

26. Brooks, F. D., Proc First Northwest Univ Conf on Liquid Scintillation 
Counting 

27. Wright, G. T., Proc Phys Soc 1956 69B 358 

28. Owen, R. B., Proc 6th Scintillation Counter Symposium W’ashington 1958 


awNe= 


Nuovo 


169 


REACTOR INSTRUMENTATION 
SYSTEMS 


Three main types form the basis of Britain's power and research reactor 


programme. These diagrams have been specially prepared for NUCLEAR 
POWER to show their main instrumentation features 


A gas-cooled reactor 

Britain’s programme for nuclear power is based solidly on 
the natural-uranium, graphite-moderated, gas-cooled reac- 
tor as typified by the Hunterston power station, now under 
construction for the South of Scotland Electricity Board by 
the GEC Simon-Carves group. All the power stations for 
installation in the UK have two reactors but in each case 
they will have centralized control rooms. 

The electrical output is governed primarily by the cool- 
ant flow rate, controlled by the speed of the gas circu- 
lators. The temperature rise of the CO, in the reactor 
core is maintained approximately constant by adjusting 
the neutron flux to match the coolant flow, while the fall 
in the steam-raising units depends on the saturation steam 
temperatures—maintained approximately constant by the 
pressure regulators. During start-up, and up to 25 pct 
full power, the station is manually controlled. The cir- 
culators are operated at low speed and steam passed to 
the dump condensers until steam conditions are satisfactory 
for starting the turbines. 

The CO, circulators are driven by d.c. motors supplied 
by grid-controlled mercury-arc rectifiers, giving accurate 
speed control over a range of 20:1. Adjustment may be 
manual, or by an automatic loop which compares the 
measured flow with the pre-set desired flow. 

Neutron flux is controlled by boron-filled rods driven 
from low-frequency synchronous motors. The rods are 
arranged in groups to allow some spatial flux adjustment, 
with a safety group used only for emergency shut-down. 
Manual control is normally used, but the * fine’ group may 
be automatically controlled if desired, thus maintaining the 
flux approximately proportional to the coolant flow. 

The six 60 MW steam turbines are driven by dual- 
pressure steam generated in the steam-raising units. The 
boiler steam pressure is controlled by the turbine throttle 
valves which maintain a constant pressure on their up- 
stream side. Saturation steam temperature in the boiler is 
maintained nearly constant over the full power range. 
H.p. and |.p. steam pressure may be set from the control 
room, giving a convenient means of adjusting the lower 
CO. temperature. During start-up, or under special con- 
ditions, the turbines may be speeder governed, either 
locally or from the control room. 


A fast-breeder 
The great advantage of fast reactors seen at present is that 
they can produce more fuel than they consume by the pro- 
cess of ‘breeding’ fresh fissionable material such as 
plutonium-239 or uranium-233 from the non-fissionable 
but ‘fertile’ materials, uranium-238 or _ thorium-232 
respectively. There are, however, many practical problems 
with fast reactors and it is to investigate these that the 
big Dounreay Fast Reactor is being build by UKAEA. 
It will be in operation later this year and is the largest fast 
breeder in the world. 

Like all fast reactors, DFR has a very small core, but 
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since 60 MW of heat will be generated, liquid sodium or 
sodium/ potassium alloy has to be used as coolant. This 
is done in 24 primary heat exchangers and the heat is 
transferred to secondary liquid metal circuits, and hence 
to water in further heat exchangers where superheated 
steam is raised to drive a 15 MW turbogenerator set. The 
primary circuits are connected in pairs—shown on the 
diagram—to feed one secondary circuit, The primary and 
secondary sodium is pumped round the circuits by elec- 
tromagnetic pumps—one for each primary circuit, two 
to each secondary. 

Nuclear measurements are broadly similar to those on 
thermal reactors. The main ion chambers are located in 
the belt of borated graphite which surrounds the core tank 
and forms a thermal shield and recorders for period, 
power, log power and flux are provided. Reactor control is 
achieved by withdrawing twelve sections of the core by 
means of a complicated mechanism working below the 
surface of the liquid metal; there are also some boron 
safety rods. Position of these various control elements is 
shown to the operators by means of ordasigns or illumin- 
ated annunciators. 

Fission products have little effect on fast neutrons, so 
there is nothing comparable to the fission product detec- 
tion system of a gas-cooled power reactor. 


A materials testing reactor 

One of the most urgent needs in any full-scale atomic 
energy programme is the setting up of facilities for test- 
ing materials likely to be used in power reactor construc- 
tion and also the manufacture of isotopes for industry, 
medicine and agriculture. In Britain we have three power- 
ful test reactors which are used for these purposes. Two 
of these—pLuTo, illustrated here, at Harwell and DMTR at 
Dounreay—are identical. DIDO at Harwell is similar but 
more adapted to fundamental research. All these reactors 
used highly enriched fuel (over 90 pct pure U-235) in the 
form of sandwich plates and are both moderated and 
cooled by heavy water, of which they each use about 10 
tons. Since they generate considerable heat (10 MW) posi- 
tive arrangements have to be made for cooling and the 
heat in the heavy water is transferred to light water and 
then dissipated in forced draught cooling towers. 

The control system comprises seven signal-arm type 
combined coarse control and shut-down arms, which are 
pivoted in the space above the heavy water, a servo-driven 
vertical rod for fine control, and two-gravity operated 
safety rods. All pass between the fuel elements and are 
driven remotely through slave gearboxes from the master 
gearbox in the control room. 

As much of the instrumentation as possible is designed 
to fail safe and the circuitry involved is based on the 
so-called ‘two out of three’ system. Most of the physical 
instruments—measuring temperature, flow, fluid pressure 
and level etc—are used as primary elements in alarm and 
trip circuits of the reactor. 
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by A. L. GRAY, BSc 


Plessey Nucleonics Ltd 


This experimental flux scanning d.c. ionization chamber for use 

in gas-cooled reactors is only | in. dia. Its flexible cable is stain- 

less steel and quartz fibre. In the foreground is one of the 
ceramic-to-metal seals used in the chamber 


MEASURING FLUX DISTRIBUTION 
IN POWER REACTORS 


FOR THE EFFICIENT use of a power reactor as much 
of the fuel as possible should be run at the upper safe 
limit of neutron flux and hence, as far as possible, the 
distribution of flux throughout the core should be uniform. 
This is usually achieved by rearrangement of the fuel 
charge at regular intervals as the fuel is depleted, partially 
depleted elements, or even in extreme cases absorbers, 
being used in positions where the flux is highest. It is 
therefore necessary for the operating staff to know the 
flux distribution within the reactor at any time. 

In principle the measurement of this distribution pre- 
sents little problem as the fluxes are high and a wide 
variety of methods are available. However, the practical 
difficulties associated with the high operating temperature 
and pressure inside the core structure of a power reactor 
limit the choice of method severely, and several methods 
which have proved very convenient and straightforward 
on reasearch reactors cannot be employed. It is thus appro- 
priate at this stage to consider the possible methods and 
the factors which limit their use. 


Different reactor conditions 

For the purpose of flux scanning, power reactors may 
be divided into two main classes requiring different solu- 
tions to the problem. The first consists of the gas-cooled 
natural uranium reactors of the type now being built for 
the CEGB and SSEB. The core and pressure vessel of 
reactors of this type are very large and operate at com- 
paratively low pressures of a few hundred psi and tem- 
peratures up to 400°C. To insert flux measuring detectors 
or materials into such cores requires the use of considerable 
lengths of cable, wire or tube, which in operation is in 
contact with the coolant since the use of re-entrant 
thimbles is not usually possible. However, gas locks for 
the entry into the pressure vessel are quite practicable and 
sometimes it is also possible to find space within it for a 
winding mechanism and cable storage. Because of the 
lengths involved the use of rigid assemblies is not possible. 

The second class of reactor includes those types with 
small core structures of the order of a few feet in length. 
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This group includes pressurized water, liquid-metal and 
gas-cooled reactors with enriched cores and also heavy 
water moderated reactors with natural uranium cores. 
Although these reactors do not necessarily operate at 
higher temperatures than the first class, they usually involve 
pressures of up to 2000 psi and it is not therefore desirable 
to introduce detectors directly into the core. However, 
since the overall dimensions are comparatively small, re- 
entrant thimbles leading into the core region are more 
practicable. 

In the power reactors at present proposed the peak flux 
usually lies between 10'* and 10'* n/cm?/sec and it is 
necessary to make measurements over a range of two or 
three decades below this. Associated with this neutron 
flux is a prompt gamma flux which may be as high as 10? 
r/h, and a lower gamma flux due to fission product decay 
and induced activity in structural materials which is not 
necessarily distributed in the same way as the neutron flux 
and which only decays slowly after a reduction of power. 

Operational considerations require that the process of 
flux scanning shall not interfere with the normal function- 
ing of the reactor and under no circumstances can com- 
promise its safety. When a flux scan requires operations 
on the pile cap, it is preferable that the whole scan can 
be completed within a normal working shift of 8 hours 
or less but it is a great advantage if pile cap operations can 
be avoided. It must be possible to replace any faulty 
installed equipment while the reactor is running. 


Pulse counting techniques 

Pulse counters are used extensively in the study of 
exponential and critical assemblies for flux distribution 
measurements. The fluxes met in this application, however, 
are comparatively low. Quite apart from considerations 
of operating temperature, the peak fluxes in power reactors 
are far too high for the use of BF, proportional counters 
and are one or two decades above the limit of operation 
of fission counters because of the effect of pile-up of 
pulses due to gamma interactions and residual activities. 

Where lower fluxes are to be measured, for example 
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below the normal power range of a reactor during com- 
missioning, the use of a fission counter may be convenient. 
The problem then becomes one of conveying the informa- 
tion from the counter to the counting equipment. If the 
core temperature is below 100°C polythene cables may 
be used, and by using a miniature head amplifier inserted 
with the counter it is possible to scan the full depth of a 
large graphite moderated natural uranium core. Where the 
temperature is greater than this, however, there is as yet 
no suitable flexible cable that does not introduce spurious 
pulses, and a rigid extension must be used. This is limited 
by strength and handling considerations to a length of 
some 20 ft and the method is only suitable for the smaller 
enriched cores. A small fission counter suitable for use 
with polythene cables at low temperatures and at tem- 
peratures of a few hundred degrees centigrade with a rigid 
extension is shown in fig 1. This is suitable for use in 
fluxes up to about 10'° n/cm?/sec and is designed to pass 
through a } in. dia hole so that it may be conveniently 
inserted into a small thimble. 


D.C. ionization chambers 


The use of d.c. ionization chambers in the core of a 
power reactor operating at full power is at present being 
investigated but the initial results obtained are most pro- 
mising. By using ceramic insulators and ceramic-to-metal 
seals, small ion chambers can be constructed which will 
operate at the temperatures and pressures at present used 
in gas-cooled reactors and it is reasonable to hope that 
the upper limits may be much higher than this. The 
simplest method of use in small enriched cores is again by 
means of thimbles which avoid contact between the de- 
tector and coolant. A small experimental ion chamber 


cathode and 


outer case a seal 


ceramic -metal 


reactor which may be selected in turn to lower their ion 
chamber into the core and provide a permanent record 
of the flux distribution in that position in a few minutes. 
A complete vertical and horizontal scan on two axes might 
thus be accomplished in a few hours. 

Since this may be controlled remotely no interference 
with operations on the pile cap would be involved. In 
reactor designs using small enriched cores where higher 
pressures and corrosive coolants may be employed it is 
simplest operationally to use thimbles entering the core 
region so that problems of pressure vessel seals are not 
involved. The ion chamber may then be used with either 
flexible leads or rigid evacuated extensions. 


Neutron sensitive thermopiles 

Some use has been made in research reactors of neutron 
sensitive thermopiles (/) which may be designed to have 
negligible gamma sensitivities and produce outputs of a 
few millivolts into a very low impedance. These thermopiles 
consist of an assembly of thermojunctions in which the hot 
junctions are coated with some material such as B-10 or 
U-235 with a large cross-section for thermal neutrons, 
while the cold junctions are coated with a material of 
similar gamma absorption cross-section but a very small 
thermal neutron cross-section. In a neutron flux a tem- 
perature difference is thus established between the junc- 
tions due to the energy absorption in the high cross-section 
material, while the system is substantially unaffected by 
ambient temperature and gamma radiation. The method 
lends itself to a very simple and robust construction and 
has been found to operate well in low temperature reac- 
tors, but its use in reactors operating at temperatures up 
to 400°C presents a number of difficulties associated with 
measuring small temperature differences at high ambient 


polythene 
cable termination 
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Fig 1 


For fairly low flux measurement, fission counters may be conveniently used. This 


miniature instrument may be inserted into a thimble, preventing contact with the coolant 


for this purpose is shown in fig 2, When the electrodes are 
coated with boron-10 this detector has an output of about 
1 milliamp at a flux of 10'* n/cm?/sec. The current due 
to the associated gamma flux in a graphite moderated core 
is of the order of a microamp. Such a chamber therefore 
offers a method of measuring neutron fluxes of this order 
in the presence of the associated gamma fluxes provided 
that a suitable cable can be found. Since currents of the 
order of a milliamp are involved, the associated measur- 
ing equipment may have a relatively low impedance, of 
the order of a few thousand ohms. A cable insulation re- 
sistance of a few megohms is thus adequate and it must 
not produce noise currents into the load of more than 
about 10-* amps. It is probable that a suitable cable for 
this purpose can be made which will operate satisfactorily 
at the temperatures required and will still be flexible enough 
to coil up. A system based on such a detector offers an 
instantaneous reading of the flux at the position of the 
ion chamber so that a continuous scan may be performed 
by lowering the chamber through the core and plotting 
the output on a recorder. A system of installed scanning 
heads can then be envisaged across the cap of a large 


172 


temperatures. A more elegant method is described by 
Weaver, Smith and Chastain (2) in which the temperature 
difference between elements containing natural and en- 
riched uranium is balanced by electrical heating of the 
natural uranium element, so that the thermocouple is only 
used as a null point detector. The electrical power input is 
then a function of neutron flux independent of the ambient 
temperature. 

Such a system offers considerable promise but has a 
rather limited range, between one or two decades being 
achieved with reasonable accuracy for any given detector. 
It also suffers from the inherent disadvantage of any 
thermal device, that of a relatively long time constant and it 
is difficult to see how this could be reduced below a few 
seconds in a practical device. This would mean, in a 
large gas cooled reactor, scanning times of the order of 
10 minutes to half an hour per channel. It could be installed 
in the same way as an ion chamber system. 


Induced activity methods 
The technique of irradiating suitable foils or wires in 
a neutron flux followed by subsequent determination of 
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the induced activity is one which is very widely used in 
nuclear physics research. It is completely insensitive to 
gamma radiation and capable of a high order of accuracy 
in suitable conditions. To obtain the distribution along a 
channel in the core a wire is usually used so that only 
one insertion is needed per channel. The method has been 
used on reactors of both classes and has been described 
by W. Abson and M. Awcock (3). In the form developed 
for the Calder Hall reactors a pure stranded tungsten 
wire, held taut by a bob weight, is lowered into a special 


ceramic 
collector 
t coll 





4in. 


~— —__— — 


trodes must have short half lives if a short time constant 
is required, but the low gamma sensitivity and long life 
possible in a detector of this type are very attractive. 


Fission product detection 

Instead of measuring induced activity in a foil or wire, 
fluxes may be determined by measuring the release of 
fission products from foils of fissionable material. Where 
the reactor has an installed fission product monitor on the 
bulk coolant, a rough measurement may be made by in- 


ceramic - metal 
seal 


Fig 2 for flux measurement in power reactors, d.c. ionization chambers look promising. 
The experimental instrument shown here diagrammatically is illustrated p. 171 


channel in the core and allowed to remain in this position 
for about 30 minutes. The wire is lowered by a pressure 
tight winding head which is fastened in turn to a series 
of standpipes across the pile cap. After each irradiation 
period the wire is rewound as quickly as possible and the 
head transferred to a measuring plinth. The wire is again 
lowered through the plinth into a mortuary hole. The 
plinth contains an annular gamma sensitive ionization 
chamber, the output of which, measured by a d.c. amplifier 
is proportional to wire activity and hence to the reactor 
flux at the corresponding channel position. In this way 
a plot of the vertical distribution in the channel can be 
obtained. A scan of one channel takes about an hour, 
but by using more than one head the effective time to do 
a complete scan of 20 positions across a core may be re- 
duced to about 10 or 12 hours. Apart from involving pile 
cap operations staff for this period the principal difficul- 
ties in the method as applied to large gas cooled reactors 
lies in the use of tungsten wire. This is the most suit- 
able material from nuclear considerations but does not 
make a very satisfactory wire. A wire of 19/:0036 strands 
is used and owing to its brittle nature considerable diffi- 
culty with kinking and strand breakage is experienced. 
However, the system has proved reasonably satisfactory at 
Calder Hall and similar methods are proposed for a num- 
ber of the large reactors now being built. 

The application of the method to smaller reactors where 
the wire may not have to be in contact with the coolant 
presents fewer problems since the choice of wire materials 
is wider. Nickel wire may be used with a beta sensitive 
ionization chamber or an annular pulse counter. For small 
cores the high resolution required is more easily obtained 
with a beta sensitive detector. 

An interesting variant of the induced activity method 
has been proposed (4) in which the beta emission from an 
irradiated foil is collected and passed to a measuring 
system. A detector may be constructed consisting of a 
plate of highly active material separated by a thin insu- 
lating medium transparent to beta particles from a second 
plate of material of lower activity. The net transfer of 
electrons between the plates constitutes a current which is 
a measure of the irradiating flux. In practice considerable 
electrode areas are required and a spiral construction 
using foils is convenient. The materials used for the elec- 
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serting a foil of U-235 into the appropriate part of the 
core and measuring the fission product yield on the 
monitor. This simple method is however complicated by 
the varying transit times from various parts of the core to 
the monitor and may also produce unacceptable contamina- 
tion of the system. A better method is to introduce the 
foil to the core within a double re-entrant tube so that a 
stream of carrier gas can be passed over the foil and the 
fission products monitored by a separate equipment. This 
permits the gas flow and transit time to be standardized 
and avoids contamination of the coolant. It is difficult to 
accommodate such a system on a large reactor but where 
a small core permits the use of thimbles the method is 
reasonably straightforward. The method is, of course, 
independent of gamma radiation and can be used over a 
wide range of fluxes. 


Choice of system 

The choice of a flux scanning system from the methods 
described above is severely limited by the problems of 
practical application to a power reactor. In the case of 
the large gas cooled reactors at present under construction 
in this country the wire irradiation method has, of course, 
been shown by experience to be practicable but does suf- 
fer from limitations of operational convenience. For reac- 
tors of this type the ion chamber method shows the most 
promise, although its successful application depends on the 
development of a satisfactory flexible cable. 

For smaller reactors the problems involved are usually 
rather simpler. Since thimbles must usually be used, the 
problem of connecting a detector to its measuring equip- 
ment is simpler and smaller distances are involved. Ion 
chambers with flexible or rigid leads, balanced thermopiles, 
wire activity or fission product methods are all feasible 
and the final choice depends on the precise conditions to 
be met. 
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INSTRUMENTAT PQ 5 § 


PHYSICAL SOCIETY EXHIBITION 


HORTICULTURAL HALL, WESTMINSTER 


MARCH 24—27 


This exhibition is an important annual event for the instrumentation industry and, 
as usual, many new instruments will be on show for the first time. In the next six 
pages we give a selected preview of the exhibits, with particular emphasis on those 
interesting to the nuclear industry. Stand numbers are given in brackets after the 


company’s name. 


This year NUCLEAR POWER has been invited to take part. We will be at stand 117 and . 


will be glad to see readers there at any time during the exhibition. 


The exhibition will be open at the following times : 


Accles & Pollock Ltd (56) Tubes in tan- 
talum, beryllium, vanadium, molyb- 
denum, niobium, zirconium, Zircaloy 2 
and titanium are being exhibited. As in 
previous years there will be samples of 
seamless stainless flexible tubing, flexible 
joints and annular convoluted tubes, the 
helically finned steel tubing usually used 
as heat exchangers and special thin- 
walled stainless steel tubing—diameters 
to 44in., thicknesses to ‘00Sin. Examples 
of finned sections for the canning of 
uranium will be seen, in aluminium, 
aluminium alloys, niobium and magne- 
sium etc. 


Airmec Ltd (3) Oscilloscope (type 249) is 
a general multi-channel instrument 
adapted to viewing, comparing and 
measuring several related wavelengths 
simultaneously. Special features are both 
time and voltage calibrations, time base 
expansion, rigid synchronization and 
triggered operation. Other equipment be- 
ing shown includes a wave analyser and 
an AM/FM modulation meter. 


Avo Ltd (29) will show their radiation 
monitor no 1, a portable, self-calibrating 
battery-operated instrument measuring 
X, beta and gamma radiation on a Sin 
logarithmic scale calibrated from 1 mr/h 
to 5 r/h. The hot spot monitor is also 
portable, with a remote ion chamber, for 
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Monday 24: 10.30 to 7 
Tuesday 25: 10 «to 9 
Wednesday 26: 10 to 7 
Thursday 27: 10 to 4.30 


measuring radiation intensity in close 
proximity to high level sources of beta 
and gamma radiation. Readings can be 
obtained from 0-1 r/h to 500 ryh. 


Baird & Tatlock (London) Ltd (113) 
Among the latest developments in the 
Analmatic range will be the BTL Anal- 
matic analyser for automatic analyses of 
grouped individual samples. It consists 
of reagent unit, transfer unit and record- 
ing absorptiometer. A new instrument for 
the measurement of concentrations in 
liquids by colour matching is the BTL 
titration absorptiometer. It is well suited 
for dealing with small quantities at a 
high rate of accuracy. 


British Thomson-Houston Co Ltd (31) 
have a single-phase a.c. conduction pump 
with combined transformer for labora- 
tory duty. No special supplies are re- 
quired and, with the use of appropriate 
tube materials, it can handle mercury, 
bismuth and the sodium or sodium- 
potassium alloys. Two sizes can be seen 
with normal ratings of six gall/min, 
15 lb/sq in, and 20 gall/min, 20 Ib 
sq in. By the use of semi-conducting 
materials the solid state electrolumin- 
escent image converter panel, also on 
show, can obtain a visible picture from 
an infra-red one. The instrument con- 
sists of large area photo-conducting and 
electroluminescent layers in series be- 


tween two transparent conducting elec- 
trodes. 


Cambridge Instrument Co Ltd (97) The 
residual hydrazine recorder is employed 
with boiler feed plants where hydrazine 
is used to remove dissolved oxygen 
from feed water. It consists of an analy- 
ser cell through which feed water flows. 
An electrolyte is fed into it, giving the 
water a small degree of conductivity. 
The cell has two electrodes between 
which a fixed potential is applied, the 
presence of hydrazine causing a current 
to flow through the cell, proportional to 
the hydrazine content. Externally the 
current passes through a variable resis- 
tor, the potential difference being 
measured by an electronic recorder, 


Cawkell, A. E. (105) In type LDA a new 
and very sensitive non-destructive test- 
ing equipment for determining damping 
constant or ‘G’ by exciting specimen 
into vibration is introduced. Can be used 
on a wide range of engineering materials 
There will be two similar items for use 
with concrete and for quality control. 


Crystal Structures Ltd (54) The Wooster 
diffractometer is designed for use with 
X-rays but could be easily adapted for 
neutron diffraction. Machine has been 
automized, using a punched tape and 
may be programmed to move at prede- 
termined speeds. 
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ACCLES & POLLOCK—fuel element can 





DYNATRON—pulse analyser 


Dawe _ Instruments 
showing 
(type 1150). Cleaning results from the 
rapid formation and collapse of vapour 
bubbles within an electronically excited 
corrosive liquid. 
rectangular tank and transducer assembly 


Ltd (103) will be 
ultrasonic cleaning equipment 


The newly-developed 
has a two gallon capacity, and the stain- 
less steel immersible bulkhead transducer 
units allow easy introduction of ultra- 
sonic cleaning into existing baths. Among 
cleaning problems solved by this method 
are radioactive soil, ball and roller bear- 
ings. 


Dynatron Radio Ltd (34) 
single channel scanning pulse analyser 
(type N102) for use in gamma spectro- 
metry. It comprises a fast threshold am- 
plifier discriminators 
and gives an output pulse when only the 
lower discriminator is triggered. The 
threshold can be scanned while the chan- 
nel width remains fixed at a value which 
can be set between 0 and SOV. The 
analyser’s output can be fed either to a 
scaler or a ratemeter. If the latter is 
used a continuous spectrum record can 
be obtained by transferring the ratemeter 
output to a chart recorder. 


have a new 


followed by two 


Edwards High Vacuum Ltd (107) will be 
showing an ultra high vacuum pumping 
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BTH — electromagnetic 
pump 


EKCO—autostandardization gauge 


system demonstrating an all metal shut- 
off valve, closed conductance of 107!° 
litres per second, bakeable to 450°C and 
an ionization gauge measuring pressures 
down to 10°'!°mm Hg and bakeable to 
450°C, sensitive d.c. amplifier with an 
electrometer valve as first amplification 
stage. and a simpler seven range d.c. 
amplifier, measuring down to 2°5 10-11 
amp corresponding to a pressure of 1°25 

10'°mm/Hg. Among other interest- 
ing items special note should be taken 
of an ultrasensitive ionization gauge con- 
trol unit in six ranges covering 10° to 
10°-?mm/Hg f.s.d. 


Ekco Electronics Ltd (24) are showing a 
new gamma backscatter gauge (type 
N563) designed to measure steel thick- 
nesses where only one side is accessible. 
Transistors and printed circuit techniques 
are employed and the unit is operated 
either by battery or power unit. The 
type NS82 autostandardization gauge 
has a retractable scanner, automatically 
withdrawn from the sheet at half-hourly 
intervals to carry out tests to correct 
errors due to source decay, contamina- 
tion, etc.—introduced since the previous 
standardization. A new beta scintillation 
counter (type N612) will be demonstra- 
ted with a N530 scaler. Developed for 
counting low energy beta particles, it is 





especially useful for assaying carbon-14 
and tritium. 


Electronic Tubes Ltd (39) Improvements 
have been made to this well-known range 
of cathode ray tubes which now incor- 
porate improved gun construction to re- 
duce electrical tolerances. 


Elliott Bros (London) Ltd (106) The 402F 
floating-point digital computer will be 
demonstrated. The machine, an addition 
to the 400 series, consists of a 402E 
fixed-point computer with three extra 
cabinets and works under programme 
control in either fixed or floating point 
mode. The floating-point unit deals with 
numbers in the range 2-39 to 2+3! with 
sign, numbers outside that range being 
treated as zero and infinity. A production 
model of the general purpose analogue 
computer G-PAC can be seen together 
with a wide display of non-linear units 
and accessories. A reactor simulator 
(type ND181) has been designed to re- 
present the operation of a nuclear reac- 
tor under varying conditions. The unit 
is in the form of a reactor control desk 
with indicators showing power level, 
control and safety rod position etc. Pile 
parameters representing various con- 
stants dependent on fuel and moderator 
can be chosen by the operator to simu- 
late different types of reactors. 
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EMI Electronics Ltd (16) show a hand 
and clothing monitor. Both sides of the 
two hands are monitored simultaneously 
for alpha and beta contamination by 
means of four scintillation counters. The 
alpha clothing probe is a scintillation 
counter feeding a logarithmic ratemeter 
while the beta-gamma probe uses a halo- 
gen quenched g.m. tube. A complete 
electronic analogue of a chemical plant 
will also be shown. This computer gives 
detailed study of plant operating char- 
acteristics and a new approach to plant 
design. The plant simulated forms a 
closed loop and is made up from three 
kinds of unit—storage tanks, operating 
column and connecting pipes with their 
associated pumps. 


Engelhard Industries Ltd (Baker Platinum 
Div) (78) The exhibition model of the 
Hersch dissolved oxygen meter to be 
shown employs the same galvanic prin- 
ciple for the measurement of oxygen 
successfully used in the Hersch oxygen 
meter. The instrument operates in two 
ranges, the most sensitive covering the 
boiler feed water application of 0—0°025 
ppm. Water flow is 15 Iph and speed 
of response approximately two minutes. 


English Electric Valve Co Ltd (30) are 
exhibiting their extensive range of valves 
including a new high vacuum rectifier 
rated at 65 kV peak inverse. 


Ericsson Telephones Ltd (13) counting 
equipment (type 127A) is designed for a 
fast and reliable nucleonic count rate. 
The complete equipment comprises pre- 
amplifier quench unit, e.h.t unit, ampli- 
fier discriminator, high speed scaling 
unit, logarithmic and linear ratemeters 
and timing unit. With the exception of 
the first two items these instruments can 
be rack mounted in a steel cabinet. Also 
shown will be the survey meter (type 
125A), a lightweight portable instrument 
for geological surveying and prospecting 
of radioactive ores. Size is 7}in. by 34in. 
by Ijin, and total weight 14 Ib. Using 
hearing aid batteries, the instrument 
operates for 120 hours without battery 
change. Accuracy of calibration is 
maintained over battery range 4°5 to 3V. 


Ferranti Ltd (25) will exhibit a range 
of cathode ray tubes producing radar 
displays bright enough for viewing under 
high ambient lighting conditions. 


Fleming Radio (Developments) Ltd (6) 
Developed in collaboration with the 
UKAEA is the millimicrosecond pulse 
shaper (type 1530A) to be shown here. 
It is designed to speed up the leading 
edge of the pulses from Fleming’s pulse 
generator (type 1147B). Positive pulses 
are fed through 100 ohm coaxial cable 
to the shaper which then delivers two 
negative output pulses of | millimicro- 
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second rise time and 7 volt amplitude 
into 70 ohm matched coaxial cables. 
Also on this stand will be a portable 
pulse echo fault locator for use on 
power transmission lines over distances 
up to 200 miles. 


Furzehill Laboratories Ltd (37) have an 
entirely new precision RC oscillator with 
an incremental control. The control acts 
as a fine tune and provides a constant 
frequency increment of the main dial’s 
setting. 


Gallenkamp & Co Ltd. A (69) are show- 
ing a new line of ovens and incubators. 


General Electric Co Ltd (23) are exhibit- 
ing an extensive range of valves, cathode 
ray tubes etc. 


GEC Research Laboratories (22) will have 
on show apparatus for investigating dy- 
namic properties of a.c. discharge and 
for differential thermal analysis of 
chemical reactions in glass and refrac- 
tory production. Semi-conductors, high 
expansion glasses, a radiation pyrometer 
and highly loaded low-pressure fluores- 
cent tubes can also be seen. 





DON’T MISS THESE 


hot spot monitor 
Avo Ltd 


’ new beta scintillation counter 
Ekco Electronics 

. nucleonic counting equipment 
Ericsson Telephones 

» new non-destructive tester 

A. E. Cawkell 

> millimicrosecond pulse shaper 

Fleming Radio 





Griffin & George Ltd (57) will exhibit 
two recently developed instruments. The 
VPC apparatus Mk II is for analysis at 
reduced pressure of mixtures having 
components with boiling points to 350°C 
at atmospheric pressure. It has two 
ovens, an independently controlled ther- 
mostat and a motor-driven fan for air- 
convection. The BCRA isothermal bomb 
calorimeter is embodied within a bench 
with all controls in easy reach. The 
jacket is isometrically controlled. 


Hilger & Watts Ltd (92) have a new 
double-beam polarizer for the H800 
infra-red spectrophotometer. It uses 
selenium films in transmission which 
act as plane polarizers when the incident 
beam is inclined at the Brewster angle. 
Mounted in a cylindrical tube, films are 
oval—about 10 cm by 5 cm—and about 
4 microns thick, The new integrator for 
the H800 spectrometer measures the 
charted area of an infra-red absorption 
band. 





Isotope Developments Ltd (15) The 700 
scintillation counter head to be shown 
is completely shielded with the excep- 
tion of an opening to which interchange- 
able collimators can be fitted. These 
allow location of radioactive deposits in 
the human body or general measurement 
of uptake and body background. Facili- 
ties exist for measuring 10m] liquid 
samples. The head is available with built- 
in amplifier, to suit existing scalers and 
ratemeters, or direct output. Also on 
view will be the portable scintillation 
ratemeter (type 1413A), a sensitive 
gamma detector primarily for uranium 
prospecting. It consists of a scintillation 
counter with e.h.t. supply and ratemeter, 
all of which operate on_ transistors 
powered by three ordinary torch 
batteries. 


Johnson, Matthey & Co Ltd (80) Mallory 
1000 is a machineable tungsten-base alloy 
with specific gravity of 16°9. Compared 
with lead it has 50 pct higher density, 
superior heat and corrosion resistance, 
greater mechanical strength and _ is 
machineable to close limits. It is rela- 
tively resistant to corrosion and can be 
silver-brazed without difficulty. It 
absorbs gamma radiation and is ideal for 
radiation screening. 


Kelvin & Hughes Ltd (75) The drift-cor- 
rected d.c. amplifier has been developed 
from a BSIRA basic design and is entered 
as a research exhibit. By using a system 
of motor driven contacts with a switching 
frequency of 5 per sec the input stages 
are almost completely free from long- 
period zero drift’ and the principle of 
‘cascade-balance’ is also employed. 


Labgear Ltd (102) Industrial scintillation 
counter (D4132), shown last year as a 
prototype, is now in production, and has 
proved successful for the industrial assay 
of gamma emitters. Counter head is com- 
pact, light and robust; photo tube 
assembly is spring mounted as an anti- 
shock measure. Also on show will be a 
prototype 4 x proportional counter for 
measurement in methane of low energy 
beta and alpha emission. Unit is con- 
structed from Dural with p.t.f.e. insula- 
tors and the chamber is highly polished 
to avoid turbulence and _ scattering 
effects. The counter hinges open in two 
halves for insertion of the source; its 
base contains a cathode follower and in- 
corporates an e.h.t. switching device 
which breaks the supply when the 
counter is opened. 


Lintronic Ltd (41) The linear constant 
temperature hot-film anemometer records 
and measures the mean and turbulent 
velocity of gas or water. The wedge end 
of a glass rod is coated with a platinum 
film, which acts as a sensing element, 
and is mounted in the flow medium. This 
film is heated to a predetermined tem- 
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perature and when gas or water flows 
over it the film is cooled but an elec- 
tronic feedback system acts to keep the 
temperature constant. The increase in — om 
heating current measures the velocity q © © @®@ 
over the film. Velocity range in the gas : 

is 5-1500 fps and in water 1-60 fps. EMI—hand and clothing monitor \" eS 


ial 

Megatron Ltd (7) will show their range ie 
of mounted and unmounted selenium } - 

photocells with varying spectral charac- 
teristics. Also of interest is the selenium 
photocell transistor unit. The two pin 
unit can be plugged to standard sockets 
and is suited to photo-electric relay 
work, counters etc. 





Mervyn Instruments (76) The latest 
model of the NPL infra-red spectrometer 
incorporates curved slits and has a reso- 
lution better than Icm™!. The instrument i 
uses a Merton-NPL grating, F-centre 
crystal filters and interchangeable photo- 
conductive detectors. The slits can easily 
be adjusted by the micrometer which is 
located in the monochromometer com- 
partment. The large area alpha scintil- 
lation counter is designed for samples of 
low activity and is claimed to have twice 
the scanned area of other counters. A 
3in. dia sample holder is incorporated, 
there is an extremely low background 
count rate and the instrument is strongly 
built for field work. 








ee BE 


Metropolitan-Vickers Electrical Co Ltd 
(72) The MS6L mass _ spectrometer 
shown here is designed as a portable 
instrument for leak detection. It has high 
sensitivity, gives a direct measure of con- 
centration and is positive in irdication. 
It can be used for testing pressurized or 
evacuated systems, for detecting and 
locating leaks and measuring the rate of 
leakage. The instrument is connected 
directly to vacuum systems and the 
tracer gas applied to the exterior either 
by probing or placing an_ envelope 
around the whole or part of the system. 
Pressure vessels are tested by introduc- 
ing tracer gas under pressure to the in- 
side and sampling the atmosphere 
around suspect areas. This spectrometer METRO-VICK—mass spectrometer 
is completely self-contained. Sensitivity 

is better than | in 500,000 parts for 

helium in air. 


MERVYN—alpha scintillation counter 








- ISOTOPE DEVELOPMENTS—counter head 
Muirhead & Co Ltd (89) Amongst the 


exhibits will be a D-901 facsimile trans- = 
mitter and D-900 facsimile recorder. 
These machines give fully automatic 
transmission of information and data 
over the normal telephone system. The 
transmitter accepts all forms of printed 
matter, typescript, hand-written text. 
drawings etc, which are exactly repro- 
duced by the recorder. 


‘ 





Mullard Ltd (104) will show a full range 
of radiation detector tubes, including 
halogen-quenched _ geiger-miiller tubes 
and a_ newly-developed proportional 
counter for the measurement of CuK 
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radiation. Research instruments to be 
demonstrated will include a high resolu- 
tion nuclear magnetic resonance magnet 
and associated equipment to 
and record high resolution nuclear mag- 
netic resonance spectra of the proton. A 
new hand and clothing monitor on view 
has been designed in consultation with 
Harwell for rapid use by skilled and 
unskilled personnel. Unit construction 
provides versatility in both number and 
type of monitoring facilities and there is 
automatic subtraction of gamma _ back- 
ground. 


Murex Ltd (110) will display their fabri- 
cated molybdenum, tungsten, tantalum, 
niobium and zirconium products. Inclu- 
ded are items of chemical plant fabri- 
cated in tantalum by seam welding and 
argon arc fusion welding. For the first 
time reactor grade zirconium sheet will 
be seen. 

Nash & Thompson Ltd (9) have new ad- 
ditions to their range of plastic scintil- 
lators. Also on view will be examples of 
canned and tested sodium iodide crystals 
and a computer unit. 


observe 


Panax Equipment Ltd (44) A new uni- 
versal scintillator castle gives I}in. lead 
protection all around the scintillation 
detector and photomultiplier — tube. 


Samples are introduced to the castle on 
a carrying slide. The castle is light-tight 
interlocking 


and an e.h.t. switch safe- 





TOWNSON & MERCER—flexible glove cabinet 





TEXAS INSTRUMENTS—high power 
transistor (actual size) 


i 
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guards the photomultiplier tube in appli- 
cations where the detector is not encap- 
sulated. The castle may be inverted so 
that a flexible instrument is available for 
a wide variety of applications, including 
gamma ray emitters, liquid scintillators 
for soft beta ray emitters and moderate 
energy beta and soft gamma emitters. 


Philips Electrical Ltd (108) Electronic 
circuit panel (PW1051) supplies a highly 
stabilized source of e.h.t. for various 
types of radiation detectors. The e.h.t. 
can be varied from 700 to 2000V by 
coarse and fine controls with stability of 
0-1 pct over an eight hour period. 
[The panel contains the scaling circuits 
with provision for both ‘fixed count’ 
and ‘fixed time’ operation with a reso- 
lution time of 1 microsec. Ratemeter 
facilities are available with a 10in. re- 
corder showing the final trace on a roll 
chart providing 27 ranges from 30 to 
12,800 cps for full scale deflexion. 


Planer Ltd, G. V. (5) A range of oxide 
and metal film type potentiometers. 


Plessey Co Ltd (19) Exhibits include cer- 
mets, square loop ferrites, intermetallic 
semi-conductors, thermistors, transistors 
and silicon 


capacitors 


rectifiers and_ electrolytic 
Other features will be mag- 
netostrictive and microwave ferrites, the 
former particularly suited to medium 
power ultrasonic generation, and a single 


VENNER — transistor- 
ized batching counter 





crystal memory store produced by 
evaporating or printing electrode systems 
on to a single crystal of barium titanate. 
Pye & Co Ltd, W. G. (99) Gas-liquid 
chromatography apparatus (11880) is a 
new instrument of high resolution and 
extreme sensitivity. It will take up to 
four metres of column, although for 
most analyses a single meter column of 
3000 plates is more than adequate to 
separate sample components. A katharo- 
meter is used as a detector, the overall 
sensitivity of the system being improved 
by means of a low noise d.c. amplifier 
connected between the katharometer 
bridge and the recorder. 

Rank Cintel Ltd (98) On show for the ~ 
first time will be a _ microsecond 
chronometer, a fully transistorized port- 
able unit for measuring time in the range 
1 microsec to 1 sec in steps of 1 microsec 
with very high accuracy. Also new is 
a universal counter/timer, transistorized 
and portable, and a range of printed cir- 
cuit counter panels. 

Sanders (Electronics) Ltd, W. H. (2) The 
type LF3 oscilloscope has been devel- 
oped to meet the requirements of indus- 
trial control equipment. 

Servomex Controls Ltd (43) are showing 
a random signal generator for testing 
non-linear control systems. Also seen 
will be a fully transistorized regulated 
d.c. supply. 


ail 





PANAX—-scintillator castle 
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Shackman & Sons, D. (66) will have on 
show a selection of automatic recording 
cameras and accessories for photograph- 
ing equipment panels, oscilloscope traces, 
etc. The oscilloscope recording cameras 
(types AC2/25 and AC2/50) are specially 
designed for photographic recording of 
oscillograph traces using both shot-by- 
shot and continuously moving film 
methods. 


Solartron Electronic Group Ltd (96) The 
CD643 Solarscope has been developed 
as a measuring oscilloscope as well as 
a display unit. The signal input circuit- 
ing incorporates a time delay and both 
amplitude and time measurement are 
plus or minus 2 pct. 


Solus-Schall Ltd (28) X-ray diffrac- 
tometer (50200) with its associated elec- 
tronic ratemeter amplifier chart recorder 
etc. is used to determine the position, in- 
tensity and width of diffraction lines 
from poly or single crystals in the plane 
of motion of the counter tube. The in- 
strument is also suitable for other uses 
such as X-ray fluorescence and chemical 
analysis. The electronic fast counting 
ratemeter/amplifier (50211) is used for 
X-ray diffractometry. It incorporates a 
stabilized e.h.t. supply, variable gain 
control, discriminator, cathode follower 
output circuit for a scaler and ratemeter 
ranges from 0 to 100,000 pulses per 
second. Also on show will be an ultra- 
sonic flaw detector and a range of radio- 
isotope containers. 


Southern Instruments Ltd (11) The 
Magna-Gage electronic gauge with its ac- 
cessories provides a versatile equipment 
for semi- or fully-automatic indication 
and control of dimension tolerances. 
Electrical impulses are carried by cable 
to a remote indicating unit which shows 
tolerance limits by coloured light signals. 
Relay outputs are available from this 
unit for automatic sorting or machine 
control. 


Texas Instruments Ltd (40) will be show- 
ing their line of silicon diodes and tran- 
sistors. Main exhibits, using a high power 
transistor, will be a remote position con- 
trol servo system, a torque relay and a 
d.c. converter. 


Thermal Syndicate Ltd, The (63) will 
show a new type of fused silica. Known 
as synthetic fused silica, it is made from 
pure silicon compounds instead of quartz 
crystal. Its impurity content is less than 
one part in a million. 


Thompson Ltd, J. Langham (32) have a 
new frequency meter (type 1795), de- 
signed also as a tachometer, ratiometer 
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or time interval meter, using a neon 
figure display readable at 20 ft. 


Tinsley & Co Ltd, H (94) Now in pro- 
duction is the hot wire anemometer 
(type 5328). Heater wire and butt-welded 
thermocouple are enclosed in a twin bore 
silicon tube and a hemispherical shield 
is employed. Speeds up to 60 ft per 
second can be measured. The network 
analyser unit (type 1532B) to be shown 
comprises the measuring and feedback 
parts of a transient response analyser for 
a.c, networks, 





DON’T MISS THESE 


> reactor simulator 
Elliott Bros 


radiation screening 
Johnson, Matthey & Co 


industrial scintillation counter 
Labgear 


reactor grade zirconium sheet 
Murex 


vrvri vr VW 


new hand and clothing monitor 
Mullard 





Towers & Co Ltd, J. W. (64) are showing 
their series of balances and scientific 
instruments. 


Townson & Mercer Ltd (67) The flexible 
glove cabinet for handling materials has 
been modified since it was shown in 
1957. It can now be used with either 
positive pressure, using inert gas or dust 
free air, or by an inserted metal frame- 
work, it can be held to shape while 
operated with a slight negative pressure. 
The working area can be opened by an 
air-tight zip fastener and an air-lock is 
incorporated into the side. The entire 
cabinet is of flexible p.v.c.. including the 
gloves which are welded to the structure. 


20th Century Electronics Ltd (8) In the 
travelling wave deflexion cathode ray 
tube on this stand a pair of travelling 
wave deflecting systems are arranged for 
symmetrical deflection of the electron 
beam on one axis. Conventional deflect- 
ing plates are used on the other axis. 
Signal inputs are applied to both systems 
through coaxial connectors which are 
also provided for external termination 
of the T.W. plates or for feed of the 
undistorted signal to other equipment. 
Focus is electromagnetic and post de- 
flexion acceleration is applied up to 
20kV. 


Unicam Instruments Ltd (100) The flame 
spectrometer (SP900) exhibited here con- 
sists of a propane or acetylene burner 
fed by an air supply in which the sample 


material has been finely dispersed by a 
concentric jet atomizer. Light from the 
burner is passed through a silica prism 
monochromator and on to a detector via 
a 100c/s chopper. The detector output is 
amplified and rectified and the resulting 
signal is shown on a spot galvanometer 
as a direct reading of emission line 
intensity. 


United Kingdom Atomic Energy Authority 
(109) will exhibit recently developed 
scientific equipment including a particle 
size recorder, model production work- 
shop for radioactive materials and a 
nuclear reactor transfer function 
analyser. 


Venner Electronics Ltd (58) will have a 
batching counter (type TBC), containing 
four decades, each being controlled by a 
10 position switch calibrated from 0 to 9. 
A number is set up on the counter and 
input pulse rates varying from 1 to 
10k.p.p.s. are injected, the counter stop- 
ping after the required batch is reached. 
In addition to straightforward industrial 
applications, it may be used for provid- 
ing precise delays. 


Wray (Optical Works) Ltd (82) The new 
tank inspection lamp consists of a peri- 
scopic system of unit power giving an 
angle of field of 60 degrees for any one 
position of a right-angle prism. The 
prism itself can be revolved through an 
angle of 75 degrees by means of a 
rotary sleeve below the eyepiece. Illumi- 
nation is provided by a low voltage 
lamp. 


ALSO SHOWING 





Baker of Holborn, C., 93; British Phys:cal Labora- 
tories, 101; British Scientific Instrument Research 
Association, 111; Burndept Ltd, 12; Chance-Pil- 
kington Optical Works, Pilkington Brothers Ltd, 
61; Cooke, Troughton & Simms Ltd, 84; Cossor 
Instruments Ltd, 17; Dobbie McInnes (Electronics) 
Lid, 35; Doran Instrument Co Ltd, 68; Durham 
University, King’s College, Newcastle-on-Tyne. 114; 
Electronic Instruments Ltd, 73; Evans Electro- 
selenium Ltd, 46; Fortiphone Ltd, 45; Glass 
Developments Ltd, 55; Guy's Hospital Medical 
School, 48; Hatfield Instruments Ltd, 70; Infra- 
Red Development Co Ltd, 62; Institute of Physics, 
118; King’s College, London University, 50; Liver- 
pool University, Nuclear Physics Research Labora- 
tory, 53; Locarte Co, 4; McArthur Microscopes 
Ltd, 79; Medical Research Council, National In- 
stitute for Medical Research, 51; Ministry of 
Supply, 1; Morgan Crucible Co Ltd, 36; Nagard 
Ltd, 14; National Coal Board, 10; National In- 
stitute of Agricultural Engineering, 71; National 
Physical Laboratory, 20; National Research De- 
velopment Corporation, 52; L. Oecertling Ltd, 88; 
Optica United Kingdom Ltd, 59; Optical Works 
Lid, 83; Physical Society Colour Group, 26; W. R. 
Prior & Co Ltd, 91; Royal Meteorological Society, 
119; Royal Naval Scientific Service, 112; St. 
Thomas's Hospital Medical School, 47; Salford 
Electrical Instruments Ltd, 21; Science Museum, 
65; Shell Research Ltd, 77; Siemens Edison Swan 
lid, 27; Singer Instrument Co Lid, 60; W. F. 
Stanley & Co Ltd, 95; Stanton Instruments Ltd, 
87; Techne (Cambridge) Ltd, 38; Tintometer Ltd. 
90; Ultrasonoscope Co (London) Ltd, 55; Univer- 
sity of Southampton, 49; Vinten Lid, W.. 86; 
Wayne Kerr Laboratories Ltd, 18. 
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INSTRUMENTS, ELECTRONICS 


AND AUTOMATION EXHIBITION 
OLYMPIA APRIL 16-25 


Many overseas firms are among those taking part in this second IEA exhibition to be 
held at Olympia this month, This preview describes a number of the home exhibits most 
likely to interest the readers of NUCLEAR POWER. 


Open daily, including Saturday, from 10 a.m. to 6 p.m. and until 9 p.m. on Friday 18 
and Wednesday 23. Tickets will be available at the door. 


A conference will be held concurrently with the exhibition. Admission tickets for the 
lectures and discussions will be obtainable from the information bureau at the exhibition. 
Subjects will include progress in the international geophysical year by Dr G. E. R 
Deacon, thermonuclear development by S. Kaufman of AEI and a paper *‘Computers- 


Numerical Automation’ by Dr A. D. Booth of Birkbeck College 


Accurate Recording Instrument Co Ltd 
(424) will show a range of temperature 
and pressure instruments including dif- 
ferential pressure gauges and Bourdon 
tubes. Instruments for local and distance 
reading will be on view. 

Advance Components Ltd (608) will show 
a new Lf. signal generator. 

Airmec Ltd (406). A new battery-oper- 
ated portable radiation monitor will be 
exhibited. Main purpose is for checking 
radioactive contamination but can also 
accurately determine intensity of alpha, 
beta or gamma radiation. Counts up to 
5000 per sec in four ranges. 


W. & T. Avery Ltd (310). Weight control 
by punched cards will be demonstrated. 
Avo Ltd (610) will show a magnetic-mer- 
cury scaling unit and various radiation 
monitors. 


Bailey Meters and Controls Ltd (513) 
will show transistorized on/off controller 
and alarm unit. Produced for service on 
nuclear reactors it operates on input sig- 
nals obtained from thermocouple units 
and has no mechanical moving parts ex- 
cept final relays, which are hermetically 
sealed. Wide range of applications in- 
cludes fuel element temperature monitor- 
ing, high neutron flux alarm, low cool- 
ant flow and coolant temperature. Other 
interesting and important exhibits in- 
clude a trip margin indicator, and a 
transistorized strip chart recorder for 
use with temperature and telemetering 
equipment 
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Black Automatic Controls Ltd (921). A 
new range of diaphragm valves for high 
viscosity liquids will be shown. 


British Electrical Development Association, 
The (301) have a small scale working 
automatic production plant as_ their 
exhibit. 


British Federal Welder & Machine Co Ltd 
(216) will show details of a completely 
automatic conveyorized hopper-fed pro- 
jection welding line. Requisite compo- 
nent is fed on a conveyor belt through 
a series of machines supplying all 
stations for a predetermined time cycle. 


British Physical Laboratories (311). A new 
10 c/s-100 kc/s valve voltmeter will be 
shown. 


British Tabulating Machine Co Ltd (411) 
will give a display on production plan- 
ning by electronic computer. 


S. G. Brown Ltd (416) will display minia- 
ture fractional h.p. motors and a high 
speed recording camera. 


British Thomson-Houston Co Ltd (508). 
Exhibits include a general purpose in- 
duction heater with a continuous output 
rating of 25 kW and a peak intermittent 
rating (SO pct duty cycle) of 30 kW. 


Burndept Ltd (421). A_ scintillation 
counter is used in the sensing head of 
a new thickness gauge. Output from the 
ratemeter circuit is fed into a backed off 
valve voltmeter so that f.s.d. of meter 
can correspond to very small changes 


in count rate. Also on view will be a 
portable battery-operated fast neutron 
monitor designed in conjunction with 
AERE, employing a proton recoil pro- 
portional counter as the neutron cham- 
ber, and a welder working on an un- 
usually high frequency using pre-heating 
of the electrodes. 


Cambridge Instrument Co Ltd (601). 
New measurement instruments shown 
will include one for continuously record- 
ing and analyzing dissolved oxygen down 
to minute concentrations (gas-phase 
transfer type); uses a novel electrochemi- 
cal method of detection and has been 
designed to meet requirements of modern 
high pressure and high temperature 
steam systems now employed in nuclear 
and other types of power station. Fea- 
tures highly stable zero, few glass com- 
ponents and a means of detecting and 
assessing size of errors due to leaks in 
the equipment itself. 


Crompton Parkinson Ltd (309). The cen- 
tral feature of this stand will be the new 
240 degree 11 in. scale portable instru- 
ments, including ammeters, wattmeters 
and speed indicators. 


Crosby Valve & Engineering Co Ltd (606). 
Transparent plastic bodies will illustrate 
path of flow through Mason Neilan per- 
cent piston control, small flow valves 
and a Crosby relief valve. Each valve can 
be remote manually controlled allowing 
flow at different openings to be observed, 
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DYNATRON—coincidence unit 


AIRMEC — portable 
radiation monitor 





and they discharge into a tank where 
the level is indicated and controlled by 
more Crosby instruments. 


Dawe Instruments Ltd (419) will show a 
production model of their //08 Visi 
gauge. It measures thickness of material 
from one side by determining the funda- 
mental natural frequency of vibration in 
the thickness direction and displays on a 
CRT giving comparison accuracy better 
than 0°1 pct. Can also be used to detect 
internal defects within materials. 


J. Day & Co (Derby Works) Ltd (214). 
High spot of display will be new cable 
covering for use up to 1000°C. 


Drayton Regulator & Instrument Co Ltd 
(296). Hydroflex metal bellows for tem- 
perature and pressure sensitive systems, 
vacuum gland seals, expansion joints, 
flexible couplings etc will be featured on 
this stand together with equipment using 
them for automatic control purposes, 
including boiler and process control de- 
vices, pneumatic instruments, pressure 
regulators, ventilation control units and 
shaft couplings as used in computers. 


Dunford & Elliott (Sheffield) Ltd (919). 
Lindar automatic controls shown will 
include data system logging ambient 
temperature, number of visitors to stand 
etc, on an automatic typewriter, automa- 
tic weighing using digitizing attachment, 
and a digital voltmeter. A liquid dis- 
pensing system will be demonstrated de- 
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livering quantities of liquid pre-set on 
remote control. System can be set up 
from punched cards to print out details 
of deliveries on to a column printer. 


Dynatron Radio Ltd (918). Among their 
range of nucleonic instruments will be 
a coincidence unit, available for first 
time commercially, containing a three- 
channel coincidence circuit which may 
be used in several different arrangements 
of coincidence and anti-coincidence. It 
will be demonstrated with a probe unit 
and a new scaling unit, using cobalt 60 
as the radioactive source. 


Ekco Electronics Ltd (505). Working dis- 
plays of the latest developments in nucle- 
onic gauge field will be exhibited—in- 
cluding a fully temperature-compensated 
measuring head for thin materials and 
a new gamma backscatter gauge employ- 
ing transistors and printed circuit tech- 
nique for measuring steel thickness where 
access is limited to one side only. Range 
of nucleonic measurement is extended to 
brass, steel or copper up to 0-4 in. thick 
by a new gauge employing a low-energy 
X-ray measuring head, and another new 
instrument employs an alpha source in 
conjunction with a scintillation counter 
and includes an automatic standardization 
system for correcting zero drift errors. 

Elga Products Ltd (810) will exhibit a 
unit for mixed bed deionization, two or 
multi-column deionization or ion ex- 
change chromatography. It _ includes 


DAWE—visigauge 
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> transistorized on-off controller 
Bailey Meters 
r new thickness gauge 
Burndept 
> new oxygen content analyser 
Cambridge Instruments 
> new gamma backscatter gauge 
Ekco Electronics 
> information presentation systems 
Elliott Group 


streamlined testing sieve shaker 
Endecotts 





samples of most ion exchange resins and 
will enable research workers to conduct 
pilot scale experiments in a scaled down 
plan prior to process use. 
Elliott-Automation Group (403, 509, 408, 
939). System illustrating various methods 
of presentation of process information 
from the simplest to the most complex 
will be shown on stand 403. 

Equipment used will include instru- 
ments of Elliott Bros, Panellit Ltd, 
James Gordon & Co and Bristol's 
Instrument Co Ltd. Stand 509 will be 
mainly devoted to components and valves 
of Fisher Governor Co and James Gor- 
don including a 4} ton 15 in. pneumatic- 
ally-operated flow-control valve by 
Fisher, and a variety of Gordon butterfly, 
sandwich and needle valves. 

Display indicating equipment of 
Electroflo Meters Co Ltd and Sauter 
Controls Ltd will be on view at stand 
408. Electroflo display emphasizes its 
work in fluid dynamics, automatic 
boiler control and remote control systems 
for public utilities. Sauter Control's dis- 
play will include equipment for heating, 
ventilating and air-conditioning systems, 
including fully automatic installations. 

On stand 939 Rotameter Manufactur- 
ing Co Ltd. Instruments for liquid flow 
measurements from 0-5 cc/min to several 
thousand gallons per hour, for gas flow 
measurements over a_ similarly wide 
range, and instruments for use with cor- 
rosive fluids. 


IEA 


EMI Electronics Ltd (506) will exhibit new 
stroboscopes and _ industrial 
camera channels. 


Endecotts (Filters) Ltd (704) will be dis- 
playing a new streamlined testing sieve 
shaker. Totally enclosed and fitted with 
anti-vibration mountings, the machine 
will demonstrate the rapid analysis of 
particles on transparent rimmed test 
sieves—only setting and recording of re- 
sult being needed. 

English Electric Co Ltd (405). Reversing 
mill automatic programming equipment 
will be demonstrated by a model of a 
typical hot reversing mill together with 
the appropriate programming units, mag- 
netic amplifiers, high frequency set and 
control gear. The mill and roller table 
speed, the screwdowns and the manipu- 
lators will be controlled. The English 
Electric Valve Co Ltd will show a work- 
ing display using a specially developed 
direct viewing storage tube with variable 
persistance and brightness. 


television 


Ericsson Telephones Ltd (413) present a 
counting installation for nucleonic appli- 
cations, consisting of a high speed scal- 
ing unit, e.h.t.. amplifier-discriminator, 
logarithmic and linear ratemeters, and 
a timing unit 

and timing unit. 


Also on view is scaling 
Three battery-operated 
portable radiation detectors will also be 
shown. 


Ether Ltd (512). Temperature and pro- 
cess control equipment will be shown. 


Evans Electroselenium Ltd (107). New 
absorptiometers and flame photometers 
on display, 

Evershed & Vignoles Ltd (404) will exhi- 
bit new all-electronic process controller 
providing non-interacting control terms, 
a wide range of proportional, integral 
and derivative adjustments and facilities 
for inclusion of measuring and record- 
ing instruments. A demonstration of flow 
control particularly suitable for corro- 
sive liquids will show this instrument 
operating from a magnetic flow meter 
and positioning a valve in a closed flow 
circuit, 


Fielden Electronics Ltd (516) will exhibit 
two new industrial level controllers 
operating on the patented capacity 
method. Instruments incorporate printed 
circuits and front control knob enables 
set-point to be adjusted on site. Other 
features are triggered positive relay ac- 
tion and quick release chassis. 

Fieming Radio (Developments) Ltd (700) 
will exhibit a miniature light-operated 
switch. It consists of a photo-conductive 
cell of the interleaved comb type con- 
nected via a two stage 
amplifier to a relay. 
Foster Instrument Co Ltd (519) will be 
showing their complete range of tem- 
perature measuring and controlling in- 
struments including latest indicating and 


transistor d.c. 
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recording controllers of the electronic 
potentiometric self-balancing _ pattern. 
Introscopes on display will range from 
simple outfit for radial inspection of } in. 
dia holes to a limited depth up to jointed 
introscopes with considerable operative 
lengths. Interchangeable viewing heads 
give different angles of view. 

Foxboro-Yoxall Ltd (305) gives first view 
of new direct mounted liquid level trans- 
mitter, operating on the force balance 
principle. It measures liquid level in 
open or closed vessels and transmits an 
output air signal direct to standard 3-15 
psi receiver/recorders and _ controllers; 
sensing diaphragm capsule is flange 
mounted direct to the side of the tank. 
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+ new industrial level controllers 
Fielden Electronics 

> miniature light-operated switch 
Fleming Radio 

. new tank contents instruments 
KDG Instruments 

> packaged transistor oscillators 

GEC 


continuous gas concentration 
recorder 
Infra Red Developments 
new plastic scintillators 
Nash & Thompson 





The General Electric Co Ltd (410) will 
be showing a wide range of 
among them microwave, hydrogen thyra- 
tren, xenon rectifier, and geiger tubes, 


valves, 


semi-conductor devices will comprise 
germanium and silicon diodes and tran- 
sistors. Other exhibits include * pack- 


aged” transistor oscillators and process 
heating equipment is represented by an 
18 kW high-frequency induction heater 
and a 4 kVA electronically-controlled 
spot welder. 


Glass Developments Ltd (422). The 
laboratory fractioning column should be 
seen, 

Hanovia Lamps (215) will be 
range of ultra-violet and infra-red equip- 
ment, including electronic instruments in- 
volving use of a u.v. source. 

Hendrey Relays Ltd (929). A new 20 amp 
440 V a.c. 4 pole changeover contactor 
of very small size is the starpiece of this 
stand. 

Honeywell-Brown Ltd (407) will display 
complete control systems. One for furn- 
ace temperature control will show pro- 
gramme controllers operating in tandem 
with new indicating millivoltmeter con- 
trollers providing high limit protection: 
control of flow, liquid level and pres- 
sure in a fractionating column employs 
differential converter transmitters includ- 
ing new one with range adjustable be- 
tween 0-5 in. and 0-25 in. w.g. 

Hunt & Mitton Ltd (712) will be show- 
ing a range of process control valves up 
to 14 in. bore. Usual characteristic is 


showing 





linear obtained by the use of a V-ported 
valve block. Valves suitable for working 
pressures up to 6000 psi, operated by 
air diaphragm tops, for control of presses 
and other hydraulic machinery in con- 
junction with time cycle controllers will 
be on view. 

Alfred Imhof Ltd (911) in addition to 
wide range of cases, racks, consoles and 
accessories will show a forced ventila- 
tion rack fitted with an exceptionally 
powerful fan and semi-sealed doors use- 
ful where high degree of cooling is re- 
quired. Also shown will be the ‘ Imlock ’ 
do-it-yourself system of construction use- 
ful for prototype work. 

Infra-Red Development Co Ltd (717) 
will display an instrument for continu- 
ously recording concentration of a parti- 
cular gas or vapour in a gaseous mix- 
ture by measuring its ‘ optical’ absorp- 
tion in the infra-red spectrum. Mixture 
is drawn through an isolated tube ex- 
posed to infra-red radiation and detector 
uses pure sample of gas to be measured 
so that device has complete resolving 
power. Measurement can be made at 
pressures other than atmospheric and 
provision is made for alarm switches to 
operate if concentration exceeds pre-de- 
termined limit. 

Isotope Developments Ltd (706). High- 
light is the inexpensive gamma_ swiich, 
consisting of a halogen-quenched geiger- 
miiller tube and a relay built on to a 
printed circuit chassis. Its many appli- 
cations include control of high and low 
level of material in a hopper, or density 
or flow failure detection in pipes with- 
out the necessity for holes or inside 
electrical or mechanical connexions. 

KDG Instruments Ltd (201) expands its 
range of tank contents indicators, con- 
trollers and recorders to the production 
of both mechanical and continuous read- 
ing pneumatic types and will also show 
an entire electrical system for the indi- 
cation of tank contents generally. 
Kelvin and Hughes (Industrial) Ltd (607) 
show new multi-channel dynamic strain 
recording equipment. 

George Kent Ltd (402). A working model 
of flow-ratio control will be demon- 
strated, using water-flow lines, by means 
of two Commander models, a pneumatic 
flow recorder-transmitter and a flow re- 
corder-controller. Also on view will be 
Mark 2A Multelec recorder, previously 
reserved for the atomic energy industry 
but now on general release for tempera- 
ture and millivoltage applications and 
the new Dall orifice. 

Langley London Ltd (900). Electrical insu- 
lation materials will be shown on this 
stand. 

Laurence, Scott & Electromotors Ltd 
(102). Exhibits of standard products will 
include a wide range of magslips, syn- 
chros and servo-motors, together with 
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tachogenerators having particularly low 
output ripple content and high output 
voltage per unit of speed. 


Lintronic Ltd (625) present a hot film 
anemometer for measuring and record- 
ing mean and turbulent velocity com- 
ponents of gas or water. Has been used 
in the study of complex flow characteris- 
tics of coolants—CO, and heavy water 
over a variety of surfaces. The sensing 
element is a small glass rod with the 
wedge end coated with platinum film 
which is heated to a predetermined tem- 
perature: when gas or water flows over it 
film is cooled but electronic feedback 
systems keeps temperature constant, in- 
crease in heating current giving measure 
of the flow velocity. 

Magnetic Devices Ltd (313). Among the 
exhibits shown will be a new sub-minia- 
ture double pole changeover relay which 
is hermetically sealed in a can similar 
to the type used to enclose miniature 
crystals. Other new relays on show will 
include double pole and four pole minia- 
ture hermetically sealed types, multi- 
contact Post Office type relays and a 30 
amp single pole contactor. 

Marconi Instruments Ltd (405) will show 
transportable equipment designed for 
panoramic radiography of circumferen- 
tial welds or of objects placed in a 
circle. It comprises an h.t. generator 


tube unit and a control unit. In addi- 
tion to a 360 degree beam, normal cone 





FOSTER INSTRUMENTS—introscopes 





GEORGE KENT—mk 2A Multelec recorder 
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beam techniques can be employed and 
several types of insert are available. 


Measurement Ltd (809). A large panel 
illustrating equipment for dispensing pre- 
set quantities of liquids will be dis- 
played. It is actuated by a rotary piston 
type of meter and preset quantity is se- 
lected by push button, rotary switch or 
punch card reader unit. 


Metropolitan-Vickers Electrical Co Ltd 
(401) will exhibit a tape reader designed 
for rolling-mill screwdown programming, 
an analogue computer, a Magistor static 
switching control system and a 4-channel 
timer; also on view—a high-speed data 
transmission system, a flameproof 
Magistor photoelectric relay unit and a 
vapour phase chromatograph for the 
analysis of gases and volatile liquids. 


Morgan Crucible Co Ltd (414). Display 
will include resistors, bearings and pump 
seals. 

Muirhead & Co Ltd (600) will demon- 
strate their transfer function analyser. 
Intended for measuring the transfer func- 
tion of servo systems and electrical net- 
works, the equipment comprises a low 
frequency decade oscillator, a phase- 
meter and a tuneable filter. Open-loop 
and closed-loop measurements will be 
made on a model servo system. 

Mullard Ltd (501) will present nuclear 
magnetic resonance equipment intended 
primarily for high resolution proton 
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spectrography, but easily adaptable to 
other nuclei. The method employed has 
potential uses in process control opera- 
tions as well as chemical research. Im- 
portant features are a very uniform mag- 
netic field and high stability. Also on 
view will be new equipment for detect- 
ing contamination incorporating six 
units: two each for detection of alpha 
and beta-gamma radiation on hands and 
one each for alpha and beta-gamma radi- 
ation on clothing. The equipment can 
operate on all stations simultaneously to 
enable large numbers of people to be 
checked quickly. 

Nalder Bros & Thompson Ltd (609) will 
show new electrostatic voltmeters for use 
up to 10 kV. 


Nash & Thompson Ltd (304) will show 
additions to range of plastic scintillators. 
New material used—a combination of 
B.B.O. and p-terphenyl phosphors—forms 
a most efficient plastic scintillator; has a 
pulse height of 50 pct of that of an 
anthracene crystal of same weight and 
decay time is order of 2-3 X 10-® sec. 
Other products are canned and tested 
sodium iodide crystals and liquid organic 
scintillators. Metallurgical instruments 
include a new coating thickness meter. 


C. A. Norgren Ltd (708). Automatic drain 
air purifiers will be shown, further im- 
proved by use of new draining mechan- 
ism. These filters, which drain whether 
or not compressed air is flowing can now 
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be used over a range of 5 to 250 psi up 
to 200°F. 

Philips Electrical Ltd (409) will give first 
view of a new series of nuclear research 
equipment including pre-amplifier, linear 
amplifier, electronic timer, single chan- 
nel analyser, h.t. power unit and 5 kV 
supply. Other newcomers are a strain 
gauge for the measurement of deforma- 
tion in concrete, a transistorized pocket 
radiation meter and two pocket dose- 
meters. There will be a display of equip- 
ment including isotope containers and 
remote handling tongs, lead lined doors 
etc. and exhibited for first time will be 
a reactor control panel of a type now in 
production for the Netherlands atomic 
authorities. 

Plessey Development Co Ltd (930). This 
stand will be divided into four main 
groups: cold moulded insulators for arc- 
ing zones, high temperature use etc by 
Rosite Ltd: synchros and servo compo- 
nents by Ketay Ltd including a new 400 
cycle prevision integrating tachometer 
specially designed for speed control: 
electrical connectors by Modern Acous- 
tics Ltd and seamless, flexible metallic 
hose by Power Auxiliaries Ltd for con- 
veyance of liquids or gases at high pres- 
sure. 

Plessey International Ltd (908). Nucleonic 
equipment will include 4 Ib  battery- 
operated radioactivity survey meters 
covering the range 0-500 r/h. Other items 
are memory cores and matrices for stor- 
age devices in computer circuitry, a tran- 
sistorized electronic control with tape 
reader, and hydraulic pumps and electri- 
cal actuators for control systems. 

R. B. Pullin & Co Ltd (312) will be show- 
ing the new Pullin-Kearfott synchros and 
servomotor and a series of permanent 
magnet high efficiency d.c. motors. 

W. G. Pye & Co Ltd (503) will show new 
gas liquid chromatography equipment de- 
signed for short column work and using 
only 5-15 pct proportion of liquid phase. 
Atomics Division exhibit a mock hot cell 
using two new master slave manipulators, 
and closed circuit TV from industrial 
[IV division in conjunction with an ab- 
sorptiometer by Unicam Instruments Ltd, 
who exhibit also a new flame spectro- 
photometer. Viewing window for the hot 
cell is by courtesy of Mendip Chemicals 
Ltd. Among instruments on this stand 
will be amplifiers and vibrators by W. 
Bryan Savage Ltd and a 47 proportional 
counter by Labgear Ltd. This is a pro- 
totype instrument designed for the mea- 
surement in methane of low energy beta 
and alpha particle emissions. Labgear 
exhibit also an industrial scintillation 
counter now in production. 

Quickfit & Quartz Ltd (804). Interchange- 
able laboratory glassware forms this 
firm’s display. 

Racal Engineering Ltd (106) will show 
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universal counter/timers capable of 
counting to one million events per 
second with a display of plug-in units 
for those wishing to construct their own 
equipment. A new print-out system 
capable of printing 60 cpm will be dis- 
played for first time. 

Rank-Cintel Ltd (314) will show a fully 
transistorized portable unit for measur- 
ing time in the range | microsec to 1 sec 
in steps of 1 microsec. Also on view—a 
universal counter/timer for measuring 
time per unit event from 3 microsec or 
events per unit time in range 30 c/s to 
| Mc/s, and a closed circuit television 
system for flame viewing. 

W. H. Sanders (Electronics) Ltd (515) 
will exhibit a range of encapsulated 
transductors consisting of five frame sizes 
giving outputs from 0-045 to 11-5 W dc. 
for 50 c/s supply frequency and 1-1 to 
145 W dc. with 400 c/s, using the auto 
self-excited connexion. The high grade 
nickel iron laminations are inserted and 
sealed after the windings have been en- 
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capsulated in an epoxy resin, thus avoid- 
ing damage to the strain-sensitive core 
material. 

Sangamo Weston Ltd (914) will exhibit 
latest developments in single phase and 
polyphase watthour meters. 


Semiconductors Ltd (618). First view of 
new factory’s range of transistors. Sur- 
face barrier group includes examples for 
RF and video amplifiers and switching 
circuits—cut-off 30-90 Mc/s. Also shown 
will be high gain micro-alloy transistors 
working up to 40 Mc/s, micro-alloy dif- 
fused transistors up to 500 Mc/s for 
oscillators or 200 Mc/s for amplifiers, 
high speed switching circuits with rise 
and fall times of a few millimicrosecs 
and RF and video silicon alloy and ger- 
manium power transistors. 

Servomex Controls Ltd (916). On view 
will be units for construction of d.c. 
servo systems including a servo amplifier 
giving full range of field control on stan- 
dard split field motors requiring 80 mA 
for full torque and a ‘ constant current’ 
armature supply. 


Short Brothers & Harland Ltd (612) 
will give first show of a new miniature 
analogue computer. It is a d.c. amplifier 
unit capable of solving second order dif- 
ferential equations; a full cize computer 
can be gradually assembled as need arises 
by adding other computing equipment 
or linking to further d.c. amplifier units. 
Sierex Ltd (710) will present a new 
method of obtaining a high fidelity direct 
graphical record. A jet of ink is directed 
on the paper and direction of stream in- 
fluenced by a galvanometer system; can 
follow up to | kc/s. 

Simmonds Aerocessories Ltd (902). An 
extensive range of fluid handling instru- 


ments, including flowmeters, liquid level - 


controllers, gauges and valves, will form 
the exhibit at this Company’s stand. 
Solartron Electronic Group Ltd (502) 
will show a gyro response test console 
to measure the transfer function and 
damping characteristics of rate gyros. It 
discriminates in favour of the funda- 
mental frequency to give accurate read- 
ings irrespective of harmonics and un- 
masked by irrelevant oscillations. Also on 
view—an oscilloscope with more than 2 
pet accuracy, to be used as a measuring 
instrument as well as display unit, and 
a cybernetic training machine for Holler- 
ith operators. 
Southern Instruments Ltd (808). Indus- 
trial division presents its electronic gauge 
for semi or fully automatic indication 
and control of dimension tolerances 
reads total deflexion of +0°005 in. with 
accuracy extending down to 0-00001 in. 
Cable carries signal from robust gauge 
head to indicating unit and tolerance 
limits can be indicated by coloured light 
signals. Relay outputs are available for 
automatic sorting or machine control. 
Computer division will give working 
demonstrations of the cathode ray Polar- 
ograph, and systems for speedy analysis 
and reduction of analogue trace records 
to digital form including a new multi- 
channel system. 


Sperry Gyroscope Co Ltd (303). A con- 
trol rod fine position indicator for use 
in nuclear reactors will be on view. This 
is servo driven and presents information 
on the general position of the control 
rod and its absolute position within 0-1 
mm together with direction and speed of 
movement. 

Sunvic Controls Ltd (511). New multi- 
plying relay will be demonstrated. It 
multiplies, divides, squares and extracts 
square roots of analogue signals in the 
3-15 psi range. Other features are first 
view of latest data logging equipment 
and a working graphic panel incorporat- 
ing miniature recorders and recording/ 
control stations, plug-in controllers, 
liquid level controller, pressure regula- 
tors, pneumatic timer and potentiometric 
recorders. 
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20th CENTURY ELECTRONICS—travelling wave 
C.F %. 


Taylor Controls Ltd (602) will be show- 
ing new miniature Transcope recorder 
panel cut out 6 X 6 in.—which receives 
three recorded or indicated variables, 
using Servomatic Power Pens ‘ 150 times 
more powerful than the conventional 
type’ on a 4 in. 30-day chart. 
Technical Ceramics Ltd (949). Transducer 
sub-assemblies suitable for flaw detec- 
tion will be exhibited. 

Telegraphic Construction and Maintenance 
Co Ltd (942) will exhibit a 77 pct nickel- 
iron magnetic alloy of high permeability. 
Telephone Manufacturing Co Ltd (302) 
will demonstrate a new double change- 
over relay in an impulse corrector and 
re-shaping circuit, 

20th Century Electronics Ltd (904) will 
present recently developed travelling 
wave c.r.t. Symmetrical deflexion of the 
electron beam on one axis is given by a 
pair of travelling wave deflecting systems 
of interesting design. The other deflect- 
ing plates are conventional 
Ultrasonoscope Co (London) Ltd (422). 
A console model flaw detector allowing 
control and variation of a greater range 
of variables than in the standard port- 
able apparatus will be exhibited. Fea- 
tures include rectified or unrectified sig- 
nal display and multi-channel band width 
selector. Also on view is an improved 
portable flaw detector with new quick 
recovery amplifier design increasing near 
surface flaw resolution. 

Venner Electronics Ltd (953) will demon- 
strate a frequency meter employing 110 
transistors. 

W. Watson & Sons Ltd (503) will show 
new industrial stereoscopic microscope. 
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ADS Relays Ltd, 936; Aircraft-Marine Products 
(Great Britain) Ltd, 938; Airflow Developments, 
927; Air Trainers Link Ltd, 933; Aldis Brothers 
Lid, 312; Alexander Controls Ltd, 917; All-Power 
Transformers Ltd, 934; Amplivox Ltd, 937; Analy- 
tical Measurements Ltd, 205; Anglo-Netherland 
Technical Exchange Ltd, 721; C, Baker of Holborn 
Lid, 518; Baldwin Instrument Co Ltd, 202; R. & J. 
Beck Lid, 300; Belling & Lee Ltd, 941; Belling- 
ham & Stanley Ltd, 614; J. B, Blakeborough & 
Sons Ltd, 417; British Electric Resistance Co Ltd, 
943; British Ermeto Corporation Ltd, 219; British 
Power Transformer Co Ltd, 943; British Rototherm 
Co Ltd, 932; Camlab (Glass) Ltd, 701; Cass & 
Phillip Ltd, 203; Chance-Pilkington Optical Works, 
611; Coley Thermometers Ltd, 200; Colvern Lid, 
928; Combustion Instruments, 315; Cooke, Trough- 
ton & Simms Ltd, 517; Cossor Instruments Ltd, 
907; Counting Instruments Ltd, 909; Stanley Cox 
Lid, 312; J, F. Crosfield Ltd, 925; Croydon Pre- 
cision Instrument Co, 924; Dargue Bros Ltd, 944; 
Donvin Instruments Ltd, 312; Ega Electric Ltd, 
713; Electrical Remote Control Co Ltd, 723; 
Electrolytic Engineering Ltd, 948; Electro Methods 
Lid, 512; Electronic Components, 728; Electronic 
Instruments Ltd, 931; H. J. Elliott Ltd, 702; 
EMO Instrumentation Ltd, 218; Everett, Edgcumbe 
& Co Ltd, 516A; Fairey Aviation Co Ltd, 105; 
Faraday Electronic Instrumenis Ltd, 503; Firth 
Cleveland Instruments Ltd, 902; Fischer & Porter 
Lid, 207; Flatters & Garnett Ltd, 617; Formica 
Ltd, 300; General Radiological Ltd, 715; Gloster 
Aircraft Co Ltd, 621; Goodmans Industries Ltd, 
220; Hall Harding Ltd, 604; Hallan, Sleigh & 
Cheston Ltd, 946; Hatfield Instruments Ltd, 709; 
Headland Engineering Developments Ltd, 725; 
Hilger & Watts Ltd, 306; T. & W. Ide Lid, 800; 
Industrial Pyrometer Co Ltd, 945; Integra-Leeds 
& Northrup Ltd, 307; James A, Jobling & Co Ltd, 
217; Kerry's (Ultrasonics) Ltd, 425; Laboratory 
Equipment (London) Ltd, 520; Lawes Rabjohns 
Ltd, 940; Livingston Laboratories Ltd, 412; Lodge 
Plugs Ltd, 720; Magnetic & Electrical Alloys Ltd, 
942; E. N. Mason & Sons Ltd, 504; Measuring 
Instruments (Pullin) Ltd, 312; Microcell Electronics, 
514; Microwave Instruments Ltd, 948; Mine Safety 
Appliances Co Ltd, 920; Minerva Detector Co Ltd, 
901; Ministry of Supply, 903; MSS Recording Co 
ltd, 952; Nagard Ltd, 213; Negretti & Zambra 
Lid, 507; New Electronic Products Ltd, 619; 
Newmarket Transistors Co Ltd, 503; New Western 
(Engineering) Ltd, 100; Nottingham Thermometer 
Co Ltd, 945; NSF Ltd, 802; Optical Works Ltd, 
615; W. Ottway & Co Ltd, 616; Ozalid Co Ltd, 
510; Painton & Co Ltd, 209; Pan Ocean Ltd, 716; 
K. S. Paul Ltd, 624; Payne & Griffiths Ltd, 805; 
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Bruce Peebles & Co Ltd, 923; Power Controls Ltd, 
313; Precision Tool & Instrument Co Ltd, 722; 
Quickdraw Co Ltd, 110; Radiovisor Parent Ltd, 
806; Research Utilities Ltd, 703; Recorder Charts 
Ltd, 103; Reilly Engineering Ltd, 905; F, C. 
Robinson & Partners Ltd, 211; Samson Controls 
(London) Ltd, 935; D. Shackman & Sons, 204; 
Shaw Moisture Meters, 915; Siemens Edison Swan 
Ltd, 308; Smiths Industrial Instruments Ltd, 109; 
Society of Instrument Technology Ltd, 101; South 
London Electrical Equipment Co Ltd, 212; W. F. 
Stanley & Co Ltd, 418; Stanton Instruments Ltd, 
803; Technical Sales, 627; Technograph Electronic 
Products Ltd, 912; Teledictor Ltd, 724; Thermal 
Syndicate Ltd, 603; Tintometer Ltd, 947; Ronald 
Trist & Co Ltd, 605; Ernest Turner Electrical 
Instruments Ltd, 910; Vactric (Control Equipment) 
Ltd, 906; Victoria Instruments Ltd, 312; Wade 
Couplings Ltd, 719; Wayne Kerr Laboratories Ltd, 
104; A. West & Partners Ltd, 108; West Instru- 
ment Ltd, 707; Western Manufacturing (Reading) 
Ltd, 423; Williams & James (Engineers) Ltd, 807; 
Worcester Royal Porcelain Co Ltd, 705; W. S. 
Electronics (Production) Lid, 206; G. H. Zeal Ltd, 
801. 

USA Ampex Corporation, 628; Ballantine Labora- 
tories, 415; Barden Corporation, 525; Bird Elec- 
tronic Corporation, 415; Capitol Radio Engineer- 
ing Institute, 626; De Mornay-Bonard, 628; 
Gertsch Products Inc, 415; Hewlett-Packard Co, 
415; Hoffman Electronics Corporation, 415; Kay 
Electric Co, 415; Kintel, 415; Narda and Cascade, 
522; Neutronics Research Co, 628; Perkin Elmer 
Corporation, 523; Polarad Electronics, 628; Poly- 
technic Research and Development, 628; Tektronix 
Inc, 415; Telonic Industries Inc, 415; Varian As- 
sociates, 415; Varian Associates—Instrument Divi- 
sion, 628, 
Denmark Brucl 
Radiometer, 415. 
Switzerland Metrohm, 628. 

Sweden Sivers Lab, 628. 

Austria Dipl. Ing. Janovsky & Popp., O. H. G., 
$21. 

Germany Aligemeine Elektrizitaéts Gesellschaft, 521; 
Bodenscewerk Perkin-Elmer & Co, 523; Firma 
Degussa, 420; Gesellschaft fiir Elektrische Zug- 
beleuchtung MBH, 521; Heinz-Gunther Neuwirth, 
415; Klemt Elektronische Messgeraéte, 415; Max 
Funke, K. G., 415; Rohde & Schwarz, 522; Sie- 
mens & Halske A/G, 620; Wissenschaftlich Tech- 
nische Werkstatten, 628. 

France 950 & 951; Chauvin-Arnoux et Cie, 
COMEF, Constructions Electriques, R. S., Ferisol, 
Intertechnique, Albert Le Boeuf et Fils, Legpa, 
L. Leiubray, Lemouzy, Nardeux, Photo Stress 
France, La  Physiotechnic, SAMA, SEFRAM, 
SNRS France Automation, La Technique Elec- 
tronique * Telec *, 


& Kjaer, Disa Electronik, 628; 
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MAGNETIC CORES employing material with rectangular 
hysteresis loops are essentially two-state devices, the states 
of magnetic remanence existing after saturation in either 
of two opposite directions being well defined. Many such 
cores are now employed in place of other two-state devices, 
such as valve flip-flops, in electronic computers, data- 
handling equipment etc. The energy required to change the 
stored information is small, and none is consumed in re- 
taining it, since it is stored in the torm of remanent mag- 
netic flux. This results in great power economy and cool 
running, and also gives the useful feature that the infor- 
mation can be retained, even when the equipment is 
switched off. Further advantages are small size, high relia- 
bility and extreme ruggedness. 

A scale-of-ten may consist of a ring of ten magnetic 
cores in which the polarities of the remanent flux of nine 
are all the same, while that of a tenth is reversed. The 
coupling circuits between the cores are such that, on the 
application of a driving pulse (a pulse to be counted), the 
pattern of polarities moves round the ring by one core 
position. A pulse can be passed to the next scale-of-ten 
on each passage of the pattern through one particular 
position. A number of circuits capable of bringing about 
this progression of a pattern of polarities have been des- 
cribed in connexion with shifting registers and switching 
circuits for electronic computers, etc (/, 2, 3, 4). The 
drive pulses can conveniently be obtained from transistors. 

As a result of the non-power consuming nature of the 
information storage, it is difficult to obtain an indication 
of the state of the cores, and therefore of the number of 
pulses received, by the usual arrangement of indicator 
lamps, etc, without considerable complication of the elec- 
tronic circuits. However, an indicator has been developed 
in which the currents flowing in the scaling circuit mag- 
netize thin strip cores of nickel-iron mounted around an 
astatic pair of compass needles, the needles being attracted 
by the one strip magnetized one way and repelled by the 
other nine magnetized oppositely. 

There are two main types of magnetic shift register 
suitable as a basis for a scaling system. In the first, the 
cores are arranged in cascade and are driven from one 
current pulse source. The stored information is transferred 
from the cores to an equal number of capacitors during 
the drive pulse, and fed back to the cores one step forward 
at the end of the drive pulse. In the second type of cir- 
cuit, the cores are connected in two lines (rings in a scal- 
ing circuit) and the stored information is moved alternately 
from one set of cores to the other, always in a diagonally 
forward direction, by applying the drive pulses alternately 
to each line of cores. 

The first or ‘single-phase’ type has the advantage of 
simplicity, since the driving arrangements are more 
straightforward and the circuit can be arranged so that 
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only one winding is needed on each magnetic core. How- 
ever, it suffers from the disadvantage that the duration and 
amplitude of the drive pulses need to be maintained within 
inconveniently narrow limits. In the ‘two-phase’ type, 
the duration of the drive pulses only has to exceed a 
minimum value, there being no upper limit ; the tolerance 
on amplitude is much greater and the power efficiency 
is higher. An even better basis for a scaling system is a 
circuit which was originally developed to perform the 
function of a uniselector. This circuit, which also is a two- 
phase one, allows very wide ranges of variation of pulse 
duration and amplitude and has a still greater power 
efficiency. 

The two-phase drive circuit consists merely of two addi- 
tional magnetic cores and two transistors, both of which 
are non-conducting in the periods between pulses. The 
memory as to which phase shall be driven on each pulse 
is retained by the two magnetic cores. : 

The only standing current taken is that due to the col- 
lector current of the drive circuit transistors, which can 
normally be neglected. The power required is therefore 
proportional to the count rate and that required for a 
complete scaling equipment is little more than is required 
for the first scale-of-ten. In a typical circuit using ferrite 
cores of 2 mm outside dia this was about 3 mW per 1000 
cps. The resolving time was 3 microsec, being limited by 
the transistors used. 

The mechanical arrangement of the indicator is shown 
in fig 1. The compass needles are magnetically balanced 


pointer 


magnet 





magnet 








connecting 
— pin 








Fig 1 Cores magnetized by scaling circuit currents control 
compass movement 


to nullify the effect of the earth’s magnetic field and other 
stray fields, and mechanically balanced to make it possible 
to operate the indicator without error in any position. It 
must be designed to make the most of the small available 
energy, and this demands a high remanence in the nickel- 
iron magnetic cores. These are therefore made long (about 
1 in.) and of small cross-sectional area, using an alloy 
with a rectangular hysteresis loop and a high coercive 
force (1:5 oersted) obtained by special heat treatment. The 
moving system will not, of course, follow a high count 
rate, but will take up the correct position on the cessa- 
tion of a count. 

It now appears quite feasible to design the indicator 
cores so that they can perform the function of the memory 
cores in the counting circuit itself, thus eliminating the 
need for separate ferrite cores. In addition to the economy 
in cores, this would result in a reduction in the resolution 
time of the circuit. 
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Fig 1 Small and compact, the 

instrument weighs 174 Ib. 

Visual and aural indication are 
provided 


W. G. SPARKE 


Harwell 


IN SEVERAL TYPES of instrument designed to measure 
the intensity of a fast neutron flux for dosimetry a know- 
ledge of the mean neutron energy is required before the 
biological dose can be determined. The instrument des- 
cribed here provides a meter indication which is propor- 
tional to the biological dose over a wide range of fast 
neutron energies, and thus can simplify the task of the 
health physicist. 

Values for the maximum permissible level (mpl) of 
neutron flux intensity as a function of neutron energy have 
been recommended by the International Commission on 
Radiological Protection (/) and are shown in table I. 





TABLE | 
Maximum permissible levels of neutron flux recommended by 
the ICRP 
neutron energy neutron flux, n/cm?/sec 
0-025 eV 2000 
10 eV 2000 
10 keV 1000 
0:1 MeV 200 
0:5 MeV 80 
1-0 MeV 60 
2:0 MeV 40 
3-0-10 MeV 30 


A counter based on these recommendations has been des- 
cribed by Dennis and Loosemore (2) and forms the basis 
of the present instrument. When it is correctly set up in 
its associated electronic circuit, an indicated counting rate 
of 0-9 cps is produced by | mpl of fast neutrons of any 
energy in the range 0-1-15 MeV. Radiation monitoring 
instruments are often used in mixed radiation fields, and 
it is important that the detector be substantially insensi- 
tive to unwanted types of radiation. In this instrument a 
response equivalent to | mpl of fast neutrons is produced 
by not less than 200 mpl gamma radiation (1-5 r/h) and 
the same response is produced by 100 mpl thermal neutrons. 


Polythene-lined counter 

The counter consists of a 2 in. dia tube of stainless steel 
or copper, approximately 5} in. long lined with polythene 
and divided into three cells by additional polythene disks, 
the cells having a common anode of 0-001 in. tungsten 
wire. The tube is filled to 17:3 cm Hg pressure of methane 
and 1:7 cm Hg of argon. The counter operates in the pro- 
portional region so that the ionization produced in the 
sensitive volume by protons in the hydrogenous wall and 
gas, which recoil following collision with neutrons, is 
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collected at the anode with a multiplication factor of about 
10*. By the correct choice of gas pressure, cell dimensions 
and operating discriminator bias the response of the gas 
and the radiator slabs can be made to match within +20 
pet of the ICRP requirements. 

The output pulse from the counter at the correct oper- 
ating potential of 1400 V corresponds to the collection of 
55 = 25 10° ion pairs, the uncertainty being due to 
small differences in the construction and gas filling of 
different counters. Dennis and Loosemore state that within 
the range 1300-1500 V the relation between mean pulse 
size § and applied voltage V is of the form 

S = Aeroest 
where A is a constant depending on the dimensions of S. 
This means that a change in applied voltage of 1 V pro- 
duces a | pct change in the total charge collected. 

E.h.t. for the counter is produced by a Cockcroft-Walton 
type multiplier stabilized within the limits 1350-1420 V by 
a corona stabilizer tube. The multiplier is fed from a 
conventional mechanical vibrator and step-up transformer 
and operates from 4 mercury cells; the vibrator circuit 
also produces a neon-stabilized, 60 volt positive supply 
for the amplifier and ratemeter. The tolerances in the 
corona stabilizer voltages, together with the uncertainties 
in the counter outputs noted above, result in a possible 
variation in the charge collected at the anode of 1:5 x 
10°-107 ion pairs at the operating point, and the amplifier 
gain must be adequate to allow for this. 


Anode current and gain stabilized 

A simplified circuit of the amplifier and ratemeter is 
given in fig 2; details of the range changing and meter 
time constant circuits have been omitted for clarity. The 
anode potential of each amplifier valve V1 and V2 is a 
function of the ratio of two resistors and the voltage of 
the negative line, so that the anode current and hence the 
gain is stabilized. The gain control RV1 consists of a 
coarse step control and a fine control, and compensates 
for the variation in output of any combination of counter 
and corona stabilizer tube. The counting rate circuit com- 
prises V3 and V4, and is triggered by feeding a negative 
pulse from the amplifier to the grid of V3 which is nor- 
inally conducting. The circuit acts primarily as a pulse 
amplitude discriminator but also produces a change of 
current in V4 which is independent of the trigger pulse 
amplitude and lasts 1/10 of the mean spacing of the 
trigger pulses at full scale meter deflexion, The amplitude 
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Simplified circuit diagram fcr the counter shows the counting rate circuit proper, V3 and V4, 


triggered by a negative pulse from the amplifier stage. V1 and V2 


of the current change in V4 is 500 microamp, which for 
a mark-space ratio of 1:10 produces full scale deflexion 
on the 50 microamp meter. 

rhe statistical loss for this mark-space ratio is 10 pet at 
f.s.d. and | pct at 1/10 f.s.d. on any range. The action 
of range-changing selects the appropriate value of the 
coupling condenser Cl and also of C2 and RI which con 
trol the response time of the meter circuit (3). The ranges 
available are 0-4, 0-40 and 0-400 cps corresponding res 
pectively to 5, 50 and 500 mpl of fast neutrons at f.s.d. 

The discriminator sensitivity is set during manufacture by 
adjustment of RV2; V4 is then cut off in the absence of 
any counter output and hence the meter zero is not sub 
ject to drift. RV3 is used to set the scale calibration at 
f.s.d. on the middle range by injecting pulses into the 
amplifier input. The other ranges are calibrated by adjust 
ment of a trimmer capacity on the appropriate value of Cl 

The meter is also used to monitor the potentials of the 
battery pack, which has a life of about 50 hours foi 
continuous operation. Both heater potentials for the valves 
are measured, batteries being replaced if the meter needle 
falls below a scale marking. 

The — 4-7 volt line is also measured and must be set up 
to the correct scale marking by the operator with the 
control provided. It is important that this potential be 
set to the correct value as it is the reference potential for 
current stabilization of the amplifier valves and triggering 
level of the discriminator. It is also the input voltage to 
the mechanical vibrator which generates the e.h.t. and h.t 
supplies. 

A socket for earphones is provided on the front face 
Fully sealed with *O”’ rings and dessicated, the instrument 
is finished in cream Phenoglase and weighs 17} Ib 


Calibration jig 

To set up the instrument to the correct operating point. 
the counter, which projects from one end of the case, is 
inserted into a special calibration jig (fig 3) containing a 
5 me radium-beryllium neutron source with a total neu- 
tron emission of 7 10* fast neutrons/sec. When un 
shielded the calibration source produces one mpl of gamma 
radiation at 1 yard and hence is surrounded by a spheri- 
cal iron shield, giving a radiation level on the surface of 
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the sphere of 100 mr/h. With the counter in position the 
indicated counting rate should be 2:4 cps. 

When initially setting up a neutron counter this count 
ing rate may be achieved by adjustment of the fine and 
coarse gain controls RVI. which are accessible through a 
small circular panel on the side of the instrument. Once 
the counter is set up these controls should not normally 
require adjustment. 

It is common in instruments of this type having range 
changing facilities for the sensitivity to vary by about 10 





Fig 2 Calibration jig contains a neutron source and is 

surrounded by a spherical iron shield against gamma radia- 

tion. The counter tube can be seen projecting underneath 
the sphere 


pet from range to range. In the present instrument this 
will have the effect of increasing the gamma sensitivity 
slightly on the highest range (0-500 mpl) where this varia- 
tion is of least importance. 
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Cross Section 1, cxasccnus 


OFFICIAL 


assurances that the Dread- 
nought is to go ahead as a ‘ do-it-your- 
self ’ job seem to be getting a good deal 
weaker and it is now highly probable 
that the submarine will bear a strong 
family resemblance to the Nautilus 
or rather the Skate, the productionized 
United States nuclear submarine. This 
is all to the good. If, as seems likely, 
the US Government has now been 
able to release to us all the informa- 
tion we need to build a submarine of 
the Skate type, it would seem to be 
the height of folly to persist with the 
home-made Dreadnought. After all, it 
took Rickover’s team a good ten years 
to produce a practical nuclear-powered 
submarine and although we've been 
vaguely dabbling with them for years 
we have only fairly recently got seri- 
ously interested and it is unlikely that 
we've got very far. This is a totally 
different thing from power stations. 
Submarines are not for sale and there 
is no question of commercial compe- 
tition with the United States over 
them. In fact we are allies and it would 
seem only sensible to pool resources. 
Possibly what will happen now is that 
the Skate reactor will be redesigned to 
British standards and _ specifications, 
but even this seems a waste. If in fact 
full American drawings have been 
made available, then we should go the 
whole hog even if it means making 
materials to US _ specifications. The 
great thing is to get the submarines 
quickly and at last this seems to have 
penetrated the Admiralty. The extra- 
ordinary cruise of the Nautilus under 
the polar ice, and now the Skate's 
cruise across the Atlantic in eight days 
submerged all the way, have brought 
it home that this is the Navy of the 
future—if not of today. 


‘HE APPROACH of the second Geneva 


conference must have been the cause 
of severely mixed feelings in the big 
power groups. For let us make no 
mistake, Geneva may be a big scien- 
tific conference, but it is also one of 
the greatest specialized publicity media 
ever devised and it is obviously desir- 
able for the groups to get their name 
on as many papers as possible. The 
problem is how to do this without giv- 
ing away any information of real 
value, So far there have been very few 
authoritative articles published on the 
new British power stations and these 
have invariably been skilfully written 
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to avoid saying anything that could 
conceivably be of any value to a com- 
petitor. For Geneva, however, this will 
not do and the papers will simply not 
be acceptable unless they say some- 
thing really worth saying. If the last 
conference is anything to go on, com- 
mercial security considerations should 
be at a discount and if Britain. nation- 
ally, is to put up a good show. 
NETAC—who are organizing the 
papers from British firms—must stand 
no nonsense. 


All this is, of course, having its effect 
on the ordinary business of article 
writing and authors are reluctant to 
come up with anything as long as 
there’s a chance of getting it accepted 
for Geneva, for a contribution there 
can practically create a reputation. Ob- 
viously articles are not going to dry 
up altogether but I don’t think we can 
expect anything startlingly new or 
original until September. Just how 
ridiculous this is becoming is illustra- 
ted by a story I heard from the Editor 
the other day. An engineer who had 
had some part in designing it wrote an 
article for this magazine on a new ex- 
perimental facility at an Atomic 
Energy Authority establishment. On 
submitting it for the customary clear- 
ance, however, it was banned—not on 
security grounds, but because someone 
in the establishment was writing a 
Geneva paper on the subject and 
didn’t want himself scooped. 


LIKE AVIATION and radio before it. 


atomic energy has frequently 
blamed for various meteorological 
anomalies and I well remember a 
ghastly holiday in Brittany some years 
ago when conversations on the appal- 
ling weather invariably ended with a 
shrugged ‘c’est la bombe atomique’. 
This question of whether atomic 
energy has affected climate has never, 
I think, been satisfactorily resolved 
but I have just been hearing a pretty 
powerful argument for the possibility 
that it might be affected in the future 

-although only in a minor way. For 
many years industrialized countries 
have been belching forth millions of 
tons of carbon dioxide as a product 
from the combustion of oil and coal. 
This gas absorbs strongly in the infra- 
red and thus the atmosphere becomes 
heated from terrestial radiation. 
Apparently mean temperatures over 
inhabited areas of the world have in- 


been 


1 


creased by about 2 degrees over the 
last century and it is claimed that it 
is the carbon dioxide pollution that 
has done it. In the long run, as 
atomic energy takes over from coal 
and oil this source of carbon dioxide 
will disappear and the temperature will 
tend to return to its former value. This 
will however be an imperceptibly slow 
process and one in which we need take 
little subjective interest, I feel. 


HE ORGANIZATION for European 
Economic Cooperation is really doing 
a very fine job in bringing the prob- 
lems of nuclear energy before the 
European industrialists. They have 
just published the papers of their 
second Information Conference on 
Nuclear Energy for Management 
which was held last Jure in Amster- 
dam following the successful Paris 
conference earlier in the year. The 
proceedings are printed under the title 
The Industrial Challenge of Nuclear 
Energy II and they are obtainable from 
the Stationery Office. The papers are 
generally of a very high standard 
taken separately, but somehow the 
whole thing rather lacks cohesion and 
suffers from a certain amount of repe- 
tition. What, one feels, should be done 
now is for someone to take both the 
Paris and the Amsterdam papers to- 
gether and make them into a compre- 
hensive guide giving the industrialist 
everything he needs. The trouble about 
this however is that things move so 
fast that the book would almost in- 
evitably be outdated before it was 
published, so perhaps it is best to get 
these out with as little delay as pos- 
sible and let the reader get on with 
his own sorting out. 


On Record 


Just think of the money, materials and 
engineering talent that go into retool- 
ing for model changes to hasten last 
year’s model on its journey to the junk 
pile. These over-powered cars are an 
idiotic waste. Prof Harold C. Urey 


More has been spent on research into 
home perms than on_ investigating 
what goes on inside the head beneath 
the hair. Rear-Admiral Hyman G. 
Rickover, USN. 


Ideas wanted for use of large quanti- 


ties of graphite. Advert in ‘The 
Times’ 
Nuclear power stations . . . are im- 


mensely heavy structures of concrete 
with the thirst of Odin, and may stand 
as Ancient Monuments long after they 
have ceased to be useful. Mr J. R. 
James, Ministry of Housing and Local 
Government 
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SIMA follows up Canadian visit 


The first team to follow up the visit of 
the Canadian Trade Mission to this 
country last December is now in Canada. 
The tour was arranged by the Scientific 
Instrument Manufacturers’ Association 
and will include visits to the major in- 
dustrial and scientific organizations in 
Toronto, Ottawa and Montreal. Aim is 
to extend the good will created during 
the Canadians’ visit and increase trade 
in instruments between the UK and 
Canada. The team has the active support 
of the Dollar Exports Council and met 
its representatives on the eve of their 
departure to plan final arrangements for 
the tour. 

Led by Laurie Woodhead of Cossor 
Instruments Ltd, the group is composed 
of senior executives of SIMA firms re- 
presenting the fields of nucleonics, elec- 
tronics, optics and laboratory equip- 
ment. Other members are D. A. Pitman, 
Electronic Instruments Ltd; P. E. Schil- 
ling, Stanton Instruments Ltd; Dr V. A. 
Sheridan, British Physical Laboratories; 
D. R. Stanley, Hilger & Watts Ltd; 
W. H. Storey, Unicam Instruments Ltd 
and J. R. Waite, L. Oertling Ltd. 


° 
Wider plate now 

Aluminium plate for general engineer- 
ing purposes can now be obtained in 
widths up to eleven feet for the first 
time in this country. It has been deve- 


ge 


wie 





Traces of grinding only remain to 
show weld in the 11 ft plate 


loped by Northern Aluminium Company 
Ltd by butt-welding two plates together 
to overcome limitations of rolling equip- 
ment that have in the past restricted 
plate to widths of 7 ft or less. Announc- 
ing this the company adds that it has 
strength and flatness such that for most 
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purposes the presence of the weld need 
hardly be considered. The weld bead is 
ground flush so that the appearance is 
comparable with that of normal rolled 
material. The new plate will reduce the 
amount of welding that the user must 
do himself and ease the problems of de- 
signers hampered by the limitations of 
small plate sizes in arranging a structure. 

The welding is carried out automati- 
cally in a special jig, and techniques have 
been developed for individual sizes and 
gauges of plate to prevent distortion. The 
strength of the weld, made in controlled 
conditions, is higher than can be ensured 
by welding during subsequent fabrica- 
tion. Results of tests quoted include 0:1 
pct proof stress of 8 ton/in.? which is the 
same as the minimum demanded of un- 
welded material by BS 1476: NPS5/6 
the specification covering an alloy very 
frequently chosen for welded aluminium 
pi2te work, Other figures are a u.t.s of 
16-3 ton/in.2 and an elongation of 11 
pet (compared with 17 ton/in.2 and 12 
pet specified). 


New Dounreay contract 


Argon purifying plant is to be installed 
at Dounreay by British Oxygen Engin- 
eering Ltd. Announcing their contract 
from the AEA the company adds that 
its special plant will remove all traces of 
air from the gas and return it to its 
original state of high purity. Basically, 
the process is one of injecting hydrogen 
into the impure gas to act as a reducing 
agent by removing oxygen in the form 
of water, and of subsequent low tem- 
perature distillation for nitrogen removal. 

Refrigeration for the process is pro- 
vided by the use of liquid oxygen, and 
the contract awarded to British Oxygen 
Engineering includes the provision of two 
small liquid oxygen plants and a liquid 
oxygen storage vessel. 


Atomic egg now open 


Germany’s first reactor—a 1 MW swim- 
ming pool type—officially opened re- 
cently near Munich, is the largest for 
research to be built in Europe under 
President Eisenhower’s Atoms for Peace 
programme. It was designed and built 
by AMF Atomics and forms the main 
laboratory instrument of the University 
of Munich’s new nuclear research centre. 
In addition to training students the centre 
will produce radioisotopes and conduct 
studies in chemical activation analysis in 
the effects of radiation upon materials. 
The 100 ft high aluminium sheathed 
dome, known as the ‘atomic egg,’ is 
surrounded by four supporting buildings 
which will serve as laboratories, heating 
and ventilation rooms and containment 
areas for the reactor’s water shield when 
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AMF research reactor rises 100 ft 
from the flat farmlands around village 
of Garching, near Munich 


work within the pool requires the water 
to be temporarily drawn off. 

A grant of $350,000 has been approved 
by the USAEC towards the cost of the 
nuclear research project in Greece, the 
1 MW reactor for which is also being 
manufactured by AMF Atomics. It will 
use fuel elements fabricated by Babcock 
& Wilcox, US, and be housed in a 
building constructed by the Greek AEC, 
which will also build a hot laboratory 
for the project. 


Zirconium or steel ? 


More than 60 representatives of US 
nuclear reactor designers and builders, 
electric power companies and the AEC. 
recently attended a symposium in New 
York on the economics of zirconium 
versus stainless steel as a cladding and 
structural material in power reacturs. 
Sponsored by Columbia-National Cos- 
poration, the symposium presented the 
results of a detailed study made on five 
US reactors. Its purpose, according to 
general manager Gordon Kiddoo, is to 
assist industry in determining the specific 
applications where it is economically 
feasible to take advantage of the nuclear 
properties and corrosion resistance of 
zirconium. 

The study—nearly a year in prepara- 
tion—was made by Dr Manson Benedict, 
head of the nuclear engineering division 
of MIT. He was responsible for process 
design of the isotopes separation plant 
at Oak Ridge which produced the con- 
centrated uranium for the first atomic 
weapons. Reactors studied were the 
natural uranium heavy water reactor of 
Atomic Energy of Canada Ltd, Atomics 
International’s sodium-graphite reactor, 
the Westinghouse Yankee Atomic electric 
reactor, the merchant ship reactor by 
Babcock & Wilcox and General Electric’s 
experimental boiling water reactor. 
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Columbia National’s plant near Pensa- 
cola, Florida, for production of both 
commercial and reactor grade zirconium 
has just been completed. 


° ° 
Biggest Polish order 
Poland has placed a £M2} contract with 
Metropolitan-Vickers Electrical Co Ltd 
for two 120 MW turboalternators. This 
is said to be the largest order placed 
with a UK firm by Poland since the war, 
and was secured in face of strong com- 
petition from German and Swiss firms. 
The two 3 cylinder turbines, the biggest 
ever ordered from this country for use in 
Europe, are directly coupled to hydrogen- 
cooled generators; they will be installed 
in a power station near Katowice in 1961. 
Another recently announced overseas 
order for the company is a contract 
worth £M14 for the construction of the 
Gach Saran Power System in Southern 
Iran. The scheme will comprise a 12 MW 
power station, transformers and trans- 
mission lines some 2500 ft above sea 
level, and will be commissioned in May 
1960. Sub-contractors for the associated 
engineering are Richard Costain Ltd, and 
the transmission lines and cable work 
will be supplied by British Insulated 
Callenders Construction Ltd. 


. J 
New isotope capsules 
Radioactive materials in containers which 
can withstand high temperatures or 
corrosive solutions are now being pro- 
duced for commercial use in the US by 
the Oak Ridge National Laboratory. Re- 


units as an irradiation facility. In the 
initial production run at the laboratory 
radiocobalt with a total activity of 8000 
curies was sealed in 34 capsules. 

An inner cylinder holding the material 
is sealed by a plug which is Heliarc 
welded in place, and the outer stainless 
steel jacket closed by welding to the top 
a plug fitted with a handling post. 316 
stainless steel was chosen because of its 
weldability and resistance to corrosion 
from chloride salts and the atmosphere. 

The welding assembly—a two-piece 
stainless steel frame and motor driven 
positioner for both the torch and con- 
tainers—is situated in a shielded cell 
equipped with mechanical manipulators, 
and controls for the motors are located 
outside near a viewing window. 

The Laboratory hopes to use the same 
techniques in the future to seal large 
amounts of radioactive materials. 


Handling Capenhurst data 

The Capenhurst diffusion plant is to have 
the largest data handling system in 
Europe. Ordered by the AEA from Sun- 
vic Controls Ltd, it will be delivered to- 
wards the end of the year, and will 
measure process gas, gland and motor 
bearing temperatures as well as motor 
currents and voltage and cooling water 
temperatures. 

Each of the eight units will monitor 
signals from a group of four cells and 
be capable of scanning 260 points. In a 
central control room will be equipment 
for printing on demand a tabulated log 





Looking through several layers of special lead glass, a technician mechanically 
manipulates the Heliarc torch 


motely controlled Heliarc welding is 
used to seal the materials, such as cae- 
sium-137, iridium-192 and cobalt-60, in 
stainless steel containers. These vary 
from 0:25 to 3 in. dia and may be used 
as single units or arranged in multiple 
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showing the value at all measuring 
points on any of the 32 cells, together 
with cell identification and time of 
scanning. Any point exceeding pre-deter- 
mined limits is shown in red, and an 
alarm printer fitted to each of the eight 
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logger units records the time and value 
when any point goes off normal or re- 
turns to normal. Once again off normal 
values will be shown in red, and there 
will be a code to show whether a point 
is high, low or defective. 

Additionally, two mobile print-out 
units will be supplied. These enable a com- 
plete log to be obtained at any time for 
any cell, without interrupting normal scan- 
ning of the other three cells in the group. 


Furnace from Germany 


A consumable electrode arc-melting fur- 
nace from Germany, reported to be the 
largest of its kind in Europe, will soon 
be delivered to William Jessop & Sons 
Ltd. It will form an addition to their ex- 
isting vacuum-melting production plant 
and will treble production capacity for 
Vacumelt steels and Aylite titanium 
alloys, enabling them to produce ingots 
up to 24in. dia and 7000Ib weight. The 
plant will incorporate full automatic con- 
trol and safety equipment. 

The company is the first in Europe to 
offer Vacumelt steels produced by this 
method on a commercial scale. They are 
said to have a very good standard of 
cleanness and low gas content, resulting 
in increased toughness and fatigue resis- 
tance. In the US production of steel by 
this method now accounts for 30,000 
tons a year. Furnace manufacturer’s UK 
agents are Fleischmann (London) Ltd. 


In brief 


Orders placed for analogue computers 
built by Short Brothers and Harland 
Ltd now total nearly fifty. Of these some 
twenty have been ordered during the 
past year, and forty are already in ser- 
vice in Britain and overseas. At Har- 
well recently, 150 engineers and physi- 
cists attended demonstrations at which 
the Short computer solved problems re- 
lating to the work of atomic reactors. 


At the Wolverhampton factory of John 
Thompson Ltd, a Unionmelt Installa- 
tion supplied by Quasi-Arc Ltd is now 
being used for the welding of cylindri- 
cal pressure vessels for atomic energy 
contracts. The welding head, mounted 
on a 174 ft boom, can carry out ex- 
ternal longitudinal and circumferential 
welding of vessels from 24 to 18 ft dia 
or internal welding where the diameter 
exceeds 64 ft. The roller bed can sup- 
port, traverse, and rotate vessels of up 
to 18 ft dia, 30 ft in length and 48 
ton weight. 


Postgraduate students, attending the next 
one year nuclear engineering course of 
Queen Mary College, London, will ex- 
periment with AEI’s MERLIN and a sub- 
critical reactor. 
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Early problems in AEA 


Most manufacturers in this country re- 
garded the Atomic Energy Organization 
in its early years as an upstart for which 
there was no long-term future, said Sir 
Christopher Hinton, CEGB chairman, in 
a paper to the Institute of Fuel last 
month. His Melchett lecture was largely 
an account of the problems faced by 
the production group pioneering atomic 
energy under his leadership. Now solu- 
tions have been found many of the diffi- 
culties have fallen into obscurity, and an 
impression remains of an unbroken flow 
of successes. ‘I set out to humanize your 
view of the industry and show it has had 
problems and will go on having them,’ 
he said. 

When the production group was formed 

at the end of 1945 under Sir Christopher 
he had ‘no staff, no office accommoda- 
tion, and practically no information.’ The 
remit was for a £M23 capital programme 
to build a single graphite-moderated 
water-cooled reactor for the production 
of plutonium with plant for the manufac- 
ture of the uranium fuel elements and 
other plant for the chemical extraction of 
the plutonium from them. 
McMahon Act helped Shortly after the 
embryo staff had started work the Mc 
embryo staff had started work the Mc- 
ping all technological information from 
the US except in certain limited fields of 
research. ‘It was the greatest blessing 
that could have befallen us,’ said Sir 
Christopher. ‘We would have been forced 
to follow America, As it was the Act 
withheld information on the design of 
their reactors and we had to think for 
ourselves: in doing this we were able to 
work our own approach and produce re- 
sults which led to our present position of 
leadership.” 

It was decided to build the uranium 
metal factory on the site of a disused 
poison gas factory at Springfields. The 
ICI had been doing research on the pro- 
duction of uranium metal but their start- 
ing point had been the highly purified 
Mallincrodt oxide. This had been im- 
ported from the US so now they had to 
evolve processes for extracting uranium 
from the ore and purifying it. There was 
obviously insufficient time for anything 
other than bench-scale work and a de- 
cision to use batch processes straight 
from the laboratory rather than continu- 
ous processes was almost inevitable. Sir 
Christopher recalled how the decision to 
order a bank of large Johnson filter 
presses was made on the basis of a 
sample of sludge in the bottom of a 4 0z 
bottle ‘which was all the material we 
had on which to base a decision.’ When 
the purified uranium had been obtained 
it had to be converted into uranium tet- 


rafluoride and here the organization 
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struck another snag. The wet process 
which the ICI had evolved required the 
use of very large quantities of platinum 
as a catalyst. Once again a calculated 
risk was taken. In spite of the fact that 
only bench-scale laboratory work was 
available to support it, an alternative dry 
way process using anhydrous hydro- 
fluoric acid and working at 600°C was 
adopted. It was cheaper and avoided the 
problem of platinum supply though fac- 
tories had to be constructed to produce 
the acid. 

Uranium too brittle The next step was 
reduction of the uranium tetrafluoride to 
metallic form. Here the ICI had done ex- 
tensive work and good information was 
available. ‘Indeed their contribution to 
the early development of atomic energy 
can never be sufficiently realized, empha- 


HINTON 


we had to think for ourselves 


sized Sir Christopher. The quality of the 
uranium initially produced gave cause 
for great anxiety on account of its ex- 
treme brittleness, and he recalled how 
the first sample of it he was shown was 
dropped on the floor and broke! How- 
ever these difficulties disappeared as the 
full scale processes were got under con- 
trol and the necessary purity achieved. 

In all of this the small staff at Risley 
were feeling the immense difficulties of 
starting an organization from nothing. 
No files of drawings of previous plants 
were available to use and adapt—every 
detail of their plants had to be designed 
on a clean sheet of paper. Engineering 
standards had to be decided and kept to. 
And on top of all these difficulties and 
uncertainties was the problem of the haz- 
ard of uranium, by far the most toxic 
material handled on such a scale in this 
country up till then. The first bars were 
finished on October 19, 1948, two and 
a half years after the offices had opened 


at Risley. ‘A creditable performance, 
said Sir Christopher, ‘ particularly as we 
were a new organization with no business 
connexions and most manufacturers 
thought there was no long term future 
for us. I remember with gratitude the 
small number of firms which stood by us 
and were ready to do anything we asked 
them.’ 

Referring to the design of the experi- 
mental reactor at Harwell he commented 
that because of lack of experience they 
had to stick closely to the scientists’ re- 
quirements. This made design and con- 
struction more difficult than it need have 
been. ‘ The great art of engineering is to” 
know how far away from what scientists 
say is essential you can in fact get.” 

Sir Christopher revealed that he pro- 

posed to design a reactor to generate use- 
ful quantities of heat, cooled by gas 
under pressure, as early as 1948, but this 
suggestion was turned down because of 
the urgent need for plutonium, So they 
had to proceed to meet the plutonium re- 
quirement by the construction of reactors 
cooled by atmospheric air. 
Windscale doubts Several modifications 
of the original design were necessary; 
when the biological shield was nearly 
completed and the construction of a 
chimney had started it was learnt that 
American experience had shown that the 
products of combustion in the event of 
damage fo a fuel element were of larger 
particle size than had been anticipated 
and might fall out on the factory site 
and the surrounding land. An air filtra- 
tion plant had to be hurriedly provided 
for the top of the chimney, construction 
having advanced too far to put it any- 
where else, and provision had to be made 
to detect failure of fuel elements in the 
very early stages. It was decided to insert 
a moving monitor apparatus into the 
back of the reactor, which would sample 
rows of the 3,000 channels in turn. This 
meant departing from the basic concep- 
tion of having no moving parts and the 
decision to install it was a difficult one 
to make. ‘We ultimately took this de- 
cision only a week before the reactor 
started up,’ said Sir Christopher, ‘ after 
spending miserably uncomfortable hours 
observing the behaviour of the equip- 
ment from inadequate shelters in the dis- 
charge duct while the blowers worked on 
full power, drenching us with water from 
the canal and exposing us to an air flow 
of hurricane force.’ 

Difficult decisions had also to be made 
about the graphite structure for the 
Windscale pile. When design was well 
advanced it was found that blocks of the 
required size could not be obtained. After 
a lot of work had been done the second 
design also had to be scrapped when in- 
formation became available which made 
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fruits of 
research 


The fruits of research are actual achievements in 
the field. With Atomic Power Lubricants, Shell 
have developed a range of petroleum products 
which are extremely resistant to radiation. This 
has put Shell right in the forefront of a very speci- 
alised sphere—the application of oils and greases 
to nuclear power plants. 

The A.P.L. range was developed at Thornton- 
le-Moors Research Centre, Cheshire, using Shell’s 
own cobalt source of irradiation. Meanwhile 
research continues. Today, at Thornton, a staff of 
900—chemists, physicists, statisticians, engineers 
—are employed directly on research projects, pre- 
eminently among which are lubricating oils for 
engines and industry generally. The development 
of A.P.L. is only a beginning and only one of the 
many lubricating problems tackled at Thornton. 
























The Shell A.P.L. range is further proof of Leadership in Lubrication. 
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it clear that the graphite would grow 
under irradiation and eventually prevent 
discharge of the fuel elements—possibly 
after only five years of operation. 


Violent nitration danger One of the 
most serious problems of all was posed 
by the plutonium extraction plant. It had 
always been realized that there would be 
a small carry-over of solvent with the 
aqueous phase—a concentrated solution 
of nitric acid containing the fission pro- 
ducts—from the first solvent separation 
column. But experimental work had ap- 
parently shown that violent nitration of 
the solvent in the highly active liquor 
storage tanks could not take place. 

This work—on which the design of 
the plant had been based—was only 
proved to be incorrect about a fortnight 
before it was due to go into operation. 
‘Of all the major unexpected difficulties 
that we faced in the early years of the 
atomic energy industry, I believe that this 
one threatened our programme most. It 
really took my breath away,’ said Sir 
Christopher. It was solved by the dis- 
covery that if the aqueous effluent from 
the first extraction stage was evaporated 
down to a quarter of its initial volume 
as it left the column, the small quantit: 
of solvent carried over was gently des- 
troyed. Stainless steel evaporators were 
hurriedly removed from another plant 
and installed, and the plant went into 
operation on time. 

‘The major problems of the early 
years,’ concluded Sir Christopher, ‘ arose 
from the fact that we were a small or- 
ganization working against an almost im- 
possible timetable in a field in which we 
had incomplete knowledge. We had to 
press on to meet the target date for the 
production of plutonium, If we were 
wrong we might fail to meet that date, 
but if we waited till all was clear there 
was no hope of meeting it.’ 


Ships—heavy water ? 

Enriched fuel is of supreme importance 
to the future of marine reactors. Failing 
this, the development of a heavy water 
moderated gas cooled reactor for a 22,000 
s.h.p. 60,000 ton d.w. tanker should be 
pressed forward urgently, said Dr 
T. W. F. Brown, Director of Pametrada 
Research Station, speaking to the Insti- 
tute of Marine Engineers on March 6. 
He reviewed the choice of reactors for 
marine use and commented that all but 
the established technologies are ruled 
out for years to come. The PwR is suit- 
able for ship use, but may be unecono- 
mic and almost in one jump has reached 
the limit of its potentialities. The best 
answer seems to be a Calder Hall type 
reactor using slightly enriched fuel. His 
paper included a study of a possible 
heavy water moderated reactor on the 
Russian model. This would have the 
advantage of using natural uranium. High 
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enrichment does not appear necessary. 
as even with natural uranium the excess 
reactivity is quite high. The main prob- 
lem is to maintain the moderator, which 
absorbs 7 pct of reactor heat, at a low 
temperature, though this has the defect 
of requiring low inlet coolant tempera- 
ture. There is also the worry of prevent- 
ing loss or contamination of the expen- 
sive heavy water. 

Among general problems associated 
with nuclear propulsion is the weight of 
the biological shield. It is imperative 
that this should be reduced by using 
laminated shields of lead, steel and 
water. Considerable research is required 
on this subject, emphasized Dr Brown. 
Composite shielding, consisting of con- 
centric rings of steel plate, would repre- 





BROWN 
PWR can go no further 


sent very good armour against collision 
damage. 

Oil will be dearer Enriched fuel is clearly 
of supreme importance, he said, whether 
graphite or water moderators are used. 
The alternative is a heavy water moder- 
ated gas cooled reactor, although this 
would introduce many new problems of 
its own. Future costs for nuclear pro- 
pulsion will be much lower than those 
arising from the burning of hydrocar- 
bon fuels, which will become scarcer and 
much more expensive with the passage 
of time. 

Dr Brown concluded by looking for- 
ward to the possibility of thermonuclear 
propulsion. ‘In this case, he com- 
mented, ‘a ship would be floating on an 
unlimited store of deuterium.’ 

In the discussion following the lec- 
ture, Dr J. E. Richards, Harwell, speak- 
ing for Dr Livingstone Smith, Director 
of the British Shipbuilding Research 
Association, complained that not enough 
attention is being given to size. ‘We 
must keep sight of small sized ships,’ he 





said. Another speaker expressed the view 
that thermonuclear fusion might even- 
tually be the answer for small power 
reactors as well as big ones. Criticism 
of the graphite moderated plant and sup- 
port for Dr Brown’s view of the possible 
importance of heavy water moderated 
reactors came from Captain Farquhar- 
Alken, of Hatton Vickers Nuclear Engin- 
eering Co, who urged that a government 
programme for this should be pressed 
forward. Another speaker criticized the 
AEA for withholding useful information 
on marine propulsion on the grounds 
of commercial security, and the fear was 
also expressed that it would be difficult 
to get the government to carry out deve- 
lopment work directed exclusively to 
merchant ship use. There was general 
agreement that exact costs are difficult 
to arrive at at this stage, and that much 
useful design information, especially on 
fuel element life, is necessarily slow in 
accumulating. 


Ships—graphite ? 

There might well be a price break through 
in the cost of enriched uranium at any 
moment, and this is one of the main 
arguments for starting construction on 
a merchant ship using slightly enriched 
fuel in a Calder Hall type plant, and 
getting it to sea as soon as possible. This 
opinion was expressed by W. R. Wootton 
of the Babcock & Wilcox Ltd atomic 
energy department, in a recent paper on 
nuclear, propulsion of merchant ships, to 
the Scottish branch of the Institute of 
Marine Engineers. *‘ Nuclear propulsion 
is coming, and is coming to stay,’ he 
said. The country with the earliest 
nuclear merchant ships afloat would gain 
valuable experience and be creating im- 
portant precedents in the matter of 
marine laws and regulations. 

Adaptation of the Calder Hall type 
reactor is technically feasible and there 
seems to be no insuperable engineering 
problems in the design of one for a 
25,000 h.p. 60,000 ton d.w. tanker. Slight 
enrichment of fuel, which has a_ pro- 
found effect on size, will be necessary. 
and the cost of this remains doubtful. 
But however much the attempts of 
foreign countries ‘to centrifuge enrich- 
ment’ might be decried there remains 
the feeling that basic prices might soon 
be reduced. This confidence in the proba- 
bility of a price reduction is already 
making potential customers for British 
type nuclear plant ask for a design based 
on enrichment. It is one of the several 
arguments in favour of getting a nuclear 
ship afloat now although it might cur- 
rently be uneconomic. 

Attention must be paid to the cost of 
carrying the biological shield, and he 
suggested that a more expensive shield 
like steel shot concrete of less total 
weight would be worth while. 
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don’t be prehistoric... 


get a jump ahead with 
WESTOOL solenoids 







Whether you make machinery, or simply use machines 
in your production processes, Westool Solenoids can 
help you get one jump ahead of your competitors. 
Westool Solenoids are compact, self-contained, 
electro-magnetic units which can be fitted anywhere 
to provide a direct mechanical action automatically, 
or by remote push-button control. Solenoid 
actuation can lift, lower, push, pull, open or shut, 
thus simplifying machine designs, speeding up 
operations and reducing production costs. 



















Westool Solenoids have been used in domestic 
washers, dry cleaners, can packers, ticket issuing 
machines, spot welders and concrete batching 
plant —to name but a few applications. Write 
now for full details of Westool A.C. and D.C. 
Solenoids and prepare yourself for that jump ahead. 
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ST. HELEN’S AUCKLAND, CO. DURHAM 
Phone: West Auckland 551/5 (6 lines) Grams: Solenoid, West Auckland 
Birmingham Office: 7 Newhall Street, Birmingham 3 - Telephone: Central 390! 





Westoo' also make: Coils and Coil Winding Machines, Transformers and Chokes, Grinding Attachments, Air Conditioners, Warner Electric Brakes and Clutches etc. 
TIB 93, 
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J. ALBERTINI 





G. C. FAIRBANKS 





A. RUBACH 





A. E. GRIMSDALE 





NAMES IN THE NEWS 





Mr Gordon Grant CB, an under-secre- 
tary of the Board of Trade has been 
appointed Comptroller-General of 
Patents, Designs and Trade Marks as 
from March 3. He succeeds Mr J. L. 
Girling who has retired. 


Mr A. C. Yeates has become chairman 
of Crossley Premier Engines Ltd in suc- 
cession to the late Sir Kenneth I. Cross- 
ley. Bt 


Following the recent announcement of 
collaboration between Ruston & Hornsby 
and J. L. Kier to design and develop 
small nuclear power stations, Mr John 
Albertini, a chief sales executive, is re- 
linquishing certain duties in order to 
give his attention to this development. 
He will also be responsible for the pro- 
motion of Ruston gas turbines in the 
USA. 


Mr E, E. R. Fuchs has joined Rustons 
as personal assistant to sales director Mr 
I. L. Kendall. 


Mr F. J. Lane has left his post of chief 
transmission engineer with the CEGB 
in order to join Messrs Preece. Cardew 
and Rider, the consulting engineers. 


Kelvin & Hughes (Industrial) Ltd, have 
appointed Mr W. Roddis as representa- 
tive for the East and West Ridings of 
Yorkshire, North Lincolnshire and North 


Derbyshire. He replaces Mr J. Illing- 
worth. 

Deputy general manager of _ Elliott 
Brothers (London) Ltd. Mr G. C. 


Fairbanks has now been appointed a 
director of the company. Mr Fairbanks 
joined Elliotts in 1930. 


Dr John Douce of Manchester Uni- 
versity has been engaged by Servomex 
Controls Ltd as a consultant on prob- 
lems in the fields of non-linear control 
systems, and systems subject to random 
fluctuations. 


Mr A. E. Grimsdale, formerly manager. 
home sales, of Metropolitan-Vickers 
Electrical Co Ltd has now been appoin- 
ted director and commercial manager. 
He is already a director of Metropolitan- 
Vickers Electrical Export Co. 


The American firm of Ionics Inc have 
elected Wayne P. Brobeck as vice presi- 
dent in charge of government contracts 
and nuclear activities. 


Mr H. Sellars has taken up the post of 
commercial manager with Livingston 
Laboratories Ltd. He was formerly sales 
manager of Marconi Instruments Ltd. 


New chief buyer for the instrument divi- 
sion of George Kent Ltd is Mr W. T.H. 
Carter. 


Mr A. Rubach has become managing 
director of the newly formed Penco Re- 
search & Development Co Ltd. Mr 
Rubach was previously head of the ex- 
perimental engineering department at the 
GEC Applied Electronics Laboratories. 


f 


The death occurred in February of Mr 
H. T. Eatwell, director and joint deputy 
chairman of G. ‘A. Harvey & Co (Lon- 
don) Ltd. Mr. Eatwell joined the com- 
pany in 1929 and became a director in 
1937. 


CATALOGUES & BULLETINS 





Inexpensive, portable atomic laboratory 
for use in colleges and small research 
laboratories is now available from the 
Nucleonic Corporation of America and 
described in their bulletin N7. Outfit 
includes scaler-ratemeter, beta-gamma 
geiger tube and cobalt-60 beta source. 
Tick No 138 on reply card 


Profusely illustrated booklet from Versil 
Ltd describes their glass fibre thermal 
insulation widely used in conventional 
power stations, and which has now been 
accepted by the UKAEA for use in 
atomic energy work. 

Tick No 139 on reply card 


Indicators for precision setting of rotary 
controls, valves etc are described in 
booklet from the Clayton Engineering 
Company. 

Tick No 140 on reply card 


Leaflets issued by Shandon Electronics 
Ltd illustrate the uses of the Rapikon 
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electronic chassis assembly system. 
Working on the slotted angle principle, 
it is claimed that the most complicated 


electronic chassis can be made in a 
matter of minutes with only a screw- 
driver. 


Tick No 141 on reply card 


Book list from the Consultants Bureau 
Inc of New York gives details of recently 
translated Russian works including a 200 
page book entitled Physics of fission, and 
collected papers on isotope production 
and high intensity gamma systems. 

Tick No 142 on reply card 


Three-way diaphragm valve and a range 
of stainless steel fittings are described in 
leaflets from Talbot Stead Tube Co Ltd. 
Tick No 143 on reply card 


Geared motors and speed reducers of all 
kinds are shown in leaflet from Electro- 
power Gears Ltd. 

Tick No 144 on reply card 


Heat insulating, refractory, corrosion- 
resistant and quick drying concretes 
together with their recommended mixes 
are dealt with in 32 pages from Lafarge 
Aluminous Cement Co Ltd. 
Tick No 145 on reply card 


Data sheet from Black Automatic Con- 
trols Ltd describes their present range of 
solenoid gas valves. 


Tick No 146 on reply card 


Pressure and vacuum switches for most 
industrial purposes are listed in a book- 
let from Londex Ltd. 


Tick No 147 on reply card 


First issue of Constructors John Brown 
house magazine describes the lifting of 
the Calder Hall heat exchangers. Com- 
plete operation took 22 days but actual 
lift approximately one hour. 

Tick No 148 on reply card 
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Photograph of Remote Handling equipment 
by arrangement with Messrs. Savage & Parsons Ltd., Watford. 


\ 
\ 





Always 
on call 


When you get through to 
Edgbaston 2245 you are in touch with a firm that 


i 
3 
& 







specialises in Nickel and High-Nickel Alloys 
— Henry Wiggin and Company. 





J We are always glad to supply 
information on our extensive range of alloys, and will help you to find 
the right material to serve in conditions where more common metals are inadequate. 
If you need a material to withstand corrosion, high temperatures or one with 
special properties of thermal expansion, elasticity, electrical resistance 


or magnetism then Wiggin can help you. 


WIGGIN STREET - BIRMINGHAM 16 - EDGBASTON 2245 


HENRY WIGGIN AND COMPANY LIMITED . 
TGA.NJ2 
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RESEARCH REPORTS 





The following reports have been made available to the public by the United 
Kingdom Atomic Energy Authonty. They may be borrowed or photocopies 
obtained from the Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, and the Central 
Libraries at Acton, Birmingham, Bristol, Kingston-upon-Hull, Leeds, Liver- 
pool, Manchester, Newcastle-upon-Tyne and Sheffield. They are also deposited 
in the Copyright Libraries (i.e. British Museum; University Library, Cambridge; 
Radcliffe Science Library, Oxford; Nationat Library of Scotland, Edinburgh; 
National Library of Wales, Aberystwyth) and in the Patent Office Library. 
Reports marked* may be purchased from Her Majesty's Stationery Office. 


Reports are also available in the United States, from the USAEC depository 
libraries, a list of which will be found in NUCLEAR SCIENCE ABSTRACTS. 
Reports for sale may be purchased in the United States from: Sales Section, 
British Information Services, 30 Rockefetler Plaza, New York 20, N.Y. 


AERE Harwell 


The tensile properties of uranium from room temperature to 
600°C. N. H. Hancock. (March 23, 1953. 23 pp) AERE M/R 
1156 4s* 
A solid particle activity detector. A. E. Herriott. (Aug 4, 1954, 
33 pp) AERE RE/R 1492 6s* 
The measurement of interfacial impedances. 
(Nov 26, 1954. 9 pp) AERE C/R 1565 Is 9d* 
An electro-capillary valve for controlling the flow of mercury 
to a mercury drop electrode. G. C. Barker. (Dec 12, 1954. 
12 pp) AERE C/R 1567 2s* 
Effect of mismatch in R.F. feedback systems. L. B. Mullett, 
R. B. Harvey. (Oct 20, 1955. 17 pp) AERE GP/R 1741 3s* 
Exponential experiments with enriched uranium-natural water 
systems. W. G. Davey, K. R. E. Smith. (Oct 1955. 44 pp) 
AERE RP/R 1788 7s* 
The spectrographic analysis of high purity lithium compounds. 
V. Jury. (Jan 1956. 8 pp) AERE C/R 1871 Is 9d* 
Effective cross section data for thermal reactor calculations. 
C. G. Campbell, R. G. Freemantle. (July 1957, 6 pp) AERE 
RP/R 2031 (Supplement 1) 
Resonant cavity measurement techniques at 400 Mc/s. W. Boyd. 
{Aug 1957. 16 pp) AERE GP/R 2184 3s* 
Gas scattering in proton synchrotrons with variable rate of 
acceleration. R. J. B. Hadden. (Aug 1957. 22 pp) AERE GP/R 
2189 3s 6d* 
The preparation and properties of the chlorides of uranium, 
plutonium, thorium and of the fission product chlorides. 
D. Bradley. (Aug 1954. 48 pp) AERE CE/R 2215 8s* 
A study of ionisation detectors for super chopper. J. F. Raffle. 
(June 1956. 13 pp) AERE NP/R 2222 2s 6d* 
Analysis of experimental d.c. pump performance and theory 
of design. D. A. Watt. (July 1957. 58 pp) AERE R/R 2275 8s* 
The coordination chemistry of uranium. 
1957. 14 pp) AERE C/R 2320 2s 6d* 
The fast separation of the alkali metals. E. A. C. Crouch, J. A. 
Corbett, H. H. Willis (Oct 1957. 8 pp) AERE C/R 2325 Is 9d* 
Methods for a quadratic non-linear resonance. D. 


APRIL DIARY 


G. C. Barker 


A critical view. (Aug 


Morgan, 


R. Taylor. (Sep 1957. 28 pp) AERE T/R 2351 4s* 

The world-wide deposition of long-lived fission products from 
nuclear test explosions. N. G. Stewart et al. (Oct 1957. 28 pp) 
AERE HP/R 2354 4s 6d* 

The effect of turbulent diffusion on temperature transients in 
liquid metal fuel reactor pipelines. J. J. Thompson. (Sept 1957. 
11 pp) AERE R/R 2365 2s 6d* 

The hydrolysis of iy tetrafluoride by high temperature 
water. J. K. Dawson, R. M. D’Eye, D. R. Chilton. (Dec 
1955. 6 pp) AERE C/R 2380 ls 9d* 

The lanthanum fluoride coprecipitation method for the deter- 
mination of plutonium. The efficiency of precipitation of the 
lanthanum carrier fluoride. R. G. Monk. (June 1950. 6 pp) 
AERE C/R 2382 Is 9d* 

The distillation of liquid metal (bismuth) reactor fuel. F. S. 
Martin, R. E. Brown. (Sept 1957. 17 pp) AERE C/R 2391 
The diffusion length of thermal neutrons in Portland concrete. 
R. A. Dugdale, E. Healy. (Oct 1957. 5 pp) AERE R/R 2403 
Is 9d* 

Some worked examples in radiation shielding. C. C. Horton. 
(April 18, 1955. 11 pp) AERE RS/L 3A 2s 6d* 

Reactor fuel cycles and neutron economy. F. W. Fenning 
(March 8, 1956. 20 pp) AERE RS/L 21 3s 6d* 

Apparatus for handling fluorine in the laboratory. C. J. 
Mandleberg, H. K. Rae. (Feb 1953. 6 pp) AERE C/M 172 
Is 9d* 

The effect of radiation on the electrical soapattios of anion 
exchange membranes. G. C. Barker, A. W. Gardner. (Sept 7, 
1954. 6 pp) AERE C/M 207 Is 9d* 

The separation by cation exchange of small quantities of cal- 
cium from the products of its neutron irradiation. M. J. Cabell. 
(Dec 29, 1954. 8 pp) AERE C/M 233 Is 9d* 

The surface activity of various uranium and uranium alloy 
ingots. J. Redfearn, B. W. Mott. (1949. 5 pp) AERE M/M 12 
ls 9d* 

The excess reactivity controlled by a single, central control rod. 
J. D. McCullen. (1951. 5 pp) AERE R/M 3 Is 2d* 

A two-group computer programme for two-zone spherical re- 
actors. W. G. Davey, J. R. Harrison. (Oct 1957. 14 pp) AERE 
R/M 146 2s 6d* 

The temperature coefficient’ of reactivity due to thermal ex- 
pansion of a reflected spherical core. J. Codd. (April 1954. 
15 pp) AERE RP/M 40 3s* 


Industrial Group 


Monitor for water vapour in carbon dioxide: C. D. Reid, K. W. 
Paget, J. W. Hill. (Dec 1957. 17 pp) IGR R/CA 201(D) 
Treatment and disposal of gaseous, liquid and solid radioactive 
wastes: information bibliography. (Nov 1957. 34 pp) IGRI 
IB/R 28 3s 6d* 





ICE Institution of Civil Engineers. IMechE Institution of Mechanical Engineers. 
IEE Institution of Electrical Engineers. IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society. SCl Society of Chemical 
Industry. IM Institute of Metals. IMet Institution of Metallurgists. IMM 
Institution of Mining and Metallurgy. IPE Incorporated Plant Engineers. SIT 
Society of Instrument Technology. Brit/ IRE British Institution of Radio 
Engineers. RSH Royal Society of Health, IR Institute of Refrigeration. 


TUESDAY | 

LONDON IR An experimental study of the use of mixed re- 
frigerants for obtaining cooling over a temperature range 
G. G. Hasleden, L. Klimek 5.30 at The Junior Institution of 
Engineers, 14 Rochester Row, SWI 

LONDON IEE _ Discussion: Economic aspects of electrical 
engineering 6.00 at the Institution 

LONDON IPE A small generating station and its relation to 
process steam demands B. E. A. Vigers 7.00 at the Royal 
Society of Arts, John Adam St, WC2 

MONDAY 7 

DUNDEE IPE The uses of electronics R. B. Smith 
Mathers Hotel 

TUESDAY 8 

LUTON IEE Transistor amplifier circuits W. A. Thorpe 6.00 
at the Staff Canteen, D. Napier and Son, The Airport, Luton 
WEDNESDAY 9 

LONDON IMechE Discussion: 
fuel cycle 6.00 at the Institution 


7.30 at 


The combined nuclear /fossil 
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BRISTOL IPE The plant engineer and work study UH. A. 
Gomm 7.15 at the Grand Hotel 

THURSDAY 10 

DERBY IMechE Nuclear propulsion applications D. J. Allen- 
Williams 7.15 at the Art Gallery (Strand entrance) 
CAMBRIDGE PS Conference on Nuclear Physics at the 
Cavendish Laboratory continuing to the 11th 
WEDNESDAY 16 

LONDON IEE with BNEC Operational experience: 
Hall K.L. Stretch 5.30 at the Institution 

LONDON IP Heat transfer problems of nuclear reactors 
W. B. Hall 6.00 at the Institute, 47 Belgrave Sq, SW 
LONDON Instruments, Electronics and Automation Exhibi- 
tion opens at Olympia continuing to the 25th 

TUESDAY 22 

CARDIFF IPE Effects of steam peaks E. G. Ritchie 7.15 at 
the South Wales Engineers Institute, Park Place 

WEDNESDAY 23 

LONDON BritIRE Measurement of the frequency response 
of a nuclear reactor R. B. Cox, D. Harrison, R. B. Stevens 
6.30 at London School of Hygiene and Tropical Medicine, 
Gower St, WCI 

LONDON IMechE Discussion: Teaching the fundamentals 
of automatic control 6.00 at the Institution 


Calder 
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Photographs of the |.D.L. GammaSwitch and the new I.D.L. Scintillation Counter 

type 700 (specially shielded for clinical work), together with descriptions of 

other I.D.L. exhibits, will be found in the exhibition preview in this issue of 
NUCLEAR POWER 


For laboratory work we draw We shall be glad to discuss any 
particular attention to our new problems in the measurement or 

* scanning unit type 701, used for ae use of radioisotopes with visitors to e 
automatic plotting of pulse height Stand |5, Physical Society Exhib- 
spectra. ition, or Stand 706, 1.E.A. Exhibition. 







7 Gamma _ Rays \ 





























Gamma Source - 


Level control is ome use of the 


ammaSwitch 


It can also be used as a radiation alarm in 
hospitals, for example, or for signalling changes 
in density in chemical plant, or for automatic 
control of flow in conveyor systems, etc. 

It has particular advantages for level control 
of acids, powders, slurries, granulated solids, 
molten glass, etc., at normal or extreme condi- 
tions of temperature or pressure. No probes or 
holes are needed in the vessel. Maintenance 
requirements are negligible. 


ISOTOPE DEVELOPMENTS LIMITED 


FOR QUALITY NUCLEONIC EQUIPMENT, INCLUDING: 


E.H.T. Units, Scalers, Ratemeters, Pulse Analysers, Scintillation Counters, Radioactivity Meters, 
Scanning Units, Timers, Anplifiers, Dosimeters, Level Indicators, Thickness Gauges, Density 
Gauges, Static Eliminators, etc. 


Beenham Grange, Aldermaston Wharf, nr. Reading, Berks. Tel: Woolhampton 45! 
London Office: 120 MOORGATE, LONDON, E.C.2. Telephone: MET. 9641 





NUCLEONIC EQUIPMENT 
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PATENTS 








Troglodyte 

Power ll whether gas-cooled or 
water-cooled, involve pressure vesse!s in 
very thick materials and this is con- 
sidered by these inventors a serious in- 
over this, the 
Swedish General Electric Co propose in- 
stalling a vessel of comparatively small 
thickness in a hole excavated in a solid 
rock foundation which would take the 
main bursting stresses 


convenience. To get 


The excavation 
would of course be lined with smooth 
concrete and water or other fluid medium 
could be used for transmitting pressure 
between the shell and the excavations 
Means are also described for taking care 
of thermal expansion. In one application 
shell extends above the 
proper to include the 


the pressure 
reactor loading 
area 

785,528 Nuclear reactor plant Allmanna 
Svenska Elektriska Aktiebolaget Appn: 
July 20, 1956 Pubd: Oct 30, 1957 


On the inside 

Hunterston is the only one of the new 
British nuclear power stations that is 
using centrifugal blowers for gas circu- 


lation and the reasons for General Elec- 
tric’s choice are put 
Owing to the 


forward in this 


patent relatively small 





789,482 CENTRIFUGAL BLOWER 


| Boiler shell 6 Shaft seal 

2 Tube elements 7 Diffuser 

3. «Impeller 8 Diffusion funnels 
4 Coupling 9 Duct to reactor 
5 Motor 10 Gas-tight joint 


pressure rise needed across the blower in 
these plants only one stage is needed and 
the centrifugal type would seem to be 
very suitable. The static pressure is how- 
ever very high and the normal type of 
diffuser scroll casing is considered by 
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these inventors fundamentally unsuitable 
to withstand this. The’ GEC designers 
have therefore proposed to get over this 
difficulty, while retaining a centrifugal 
impeller, by installing the blower actually 
inside the boiler. By this means, the dif- 
fuser casing need only be capable of 
withstanding the differential pressure and 
can therefore be made in comparativel: 
light material. Furthermore, since there 
are now no restrictions on size, the im- 
peller and diffuser sections can be very 
large, thus contributing to efficiency. The 
arrangement which is to be adopted at 
Hunterston is probably much as des- 
cribed in this specification. Note how the 
motor is outside the pressure circuit. The 
invention also covers axial- and mixed 
flow impellers 

789.482 Improvements in or relating to 
nuclear reactor arrangements. General 
Electric Co Ltd (Inventor: P. A. Lindley) 
Appn: Dec 2, 1955 Pubd: Jan 22, 1958 


Safe runaway 

In a water boiler or solution reactor, a 
super-critical mass of fissionable material 
has to be added to the core to make 
allowance for burn-up, poisoning, neu- 
tron absorption etc. This could make a 
runaway particularly dangerous, and 
North American Aviation have devised 
a simple means of eliminating this hazard 
in their reactor design. The effect of the 
reactivity exceeding unity is a sudden 
increase in the number of gas bubbles 
produced by decomposition of the sol- 
vent due to irradiation. The solution 
suddently expands and surges out of the 
containment vessel. The overflow system 
proposed here consists of a vessel, con- 
nected to the core by a wide horizontal 
duct and separated from it by reflector 
material, to collect the overflow solution 
and gas, and a bubble pump to return it 
to the core when the excess reactivity 
has subsided. To ensure that the mass of 
fissionable material left in the core after 
the surge ejection does fall below critica- 
lity, the size of the overflow vessel has 
to be carefully chosen. 

783,400 Improvements in or relating to 
liquid homogeneous reactor safety over- 
flow system North American Aviation 
Inc. (Inventor: 1. F. Weeks) Appn: Feb 
20, 1956 Pubd: Sept 25, 1957 


Thermo-hetero reactor 
Reactors are commonly thought of as 
either heterogeneous or homogeneous 
but this is an idea for combining the two, 
advantages claimed being: better burnup 
than a pure heterogeneous type, easy 
control by altering the concentration of 
the fissionable solution. 
According to one 
heterogeneous 


embodiment the 
core—subcritical on _ its 





own—is in the form of slightly enriched 
uranium rods immersed in a moderator 
of enriched light water. Between the 
rods are vessels containing the enriched 
fissionable solution which is circulated 
through the core. The moderator is also 


























788,288 BEST OF BOTH 


1 Pressure vessel 
2 Moderator 


6 Connexions to fuel 
process 


3 Fuel rods 7 Coolant outlet 
4 Homogeneous fuel 8 Coolant inlet 
5 Valves 


used as coolant, being kept at sufficient 
pressure to prevent boiling and also to 
ensure that possible leaks in the liquid 
fuel vessels do not contaminate the prim- 
ary circuit. 

788,288 Nuclear reactors Sulzer Freres 


SA Appn: Sept 25, 1956 Pubd: Dec 23. 
1957 


/ 


Design for SUSPOP 


The difficulty of maintaining the con- 
centration of the fuel constant through- 
out the reactor vessel is one of the main 
problems of suspension or slurry type 
reactors. This is further aggravated by 
the fact that, to obtain a high thermal 
yield, a high temperature must be main- 
tained and this promotes settling of the 
fuel as the carrier viscosity is then low 

The Dutch RCN found that these 
problems may be largely overcome by 
the observation of certain principles 
which they have incorporated into the 
design of suspop, described in some 
detail in this patent. In broad outline the 
principles are as follows: to keep the sus- 
pension free of turbulence, the reactor 
vessel must be designed so that over the 
greater part of its descent the suspen- 
sion is conducted by vertical passages or 
passages of uniform cross-section. Also, 
although the concentration of the sus- 
pension descending through the vertical 
passages may vary horizontally, it must 
be constant across any vertical plane in 
the reactor vessel. 


783,985 Process and apparatus for carry- 
ing out nuclear fission reactions. Stichting 
Reactor Centrum Nederland Appn: 
March 8, 1954 Pubd: Oct 2, 1957 
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CONTROL SYSTEMS and INSTRUMENTATION 
for NUCLEAR ENGINEERING 
















1 


ROD WEIGHT 
110kg 








Ne ee eee 


Reactor Control Head 





Designed by Sperry to the requirement of 
a main contractor. Operating temperatures 
within shell up to 100° C at Gas Pressure 
of 175 p.s.i. CO,. Low inertia of Vernier 
motor eliminates need for clutch mechanism. 












Servo-Driven Rod Position Indicator 


Providing on a single dial, having visual clarity, three presentations : 
1. Proportional “In* “Out” Indicator 
2. Digital Presentation, to within 0.01cm of movement 
3. Slow-motion Tell-tale 
The Servo Indicator illustrated is a self-contained unit, developed for 
UKAEA. 























Stand No. 303 
I.E.A. Exhibition 
Olympia 
April 16-25 









S P E R R a GYROSCOPE COMPANY LIMITED 
Great West Road, Brentford, Middx. Telephone: EALing 6771 
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GENERAL RADIOLOGICAL LIMITED 


are happy to announce that they have been asked by 
Messrs. C. A. Parsons Ltd., to supply the complete 
neutron flux monitoring system for the reactor which 
the Nuclear Power Plant Company are constructing at: 


Bradwell-on-Sea 


The range of Reactor Monitoring Equipment available includes: 


Linear Ratemeters Shut Down Amplifiers 
Logarithmic Ratemeters Power Deviation Meters 
Scalers lon Chamber H.T. Supplies 
Discriminators Counter H.T. Supplies 
Multirange D.C. Linear Pulse Counters 

Amplifiers Neutron Sensitive lon 
Pulse Amplifiers Chambers 

Annular lon Chambers for 


Flux Plotting 


Complete pulse counting, logarithmic and linear channels. 


Among the other items to be supplied to Bradwell will be the lon Chamber 


withdrawing mechanisms. 


GENERAL RADIOLOGICAL LIMITED 


15-18 Clipstone Street, Great Portland St. London W.| 
Telephone: MUSeum 3121 


NUCLEAR POWER APRIL 1958 











APRIL 1958 


i TU ett =t- 0 a lel.) « 


free enquiry service for... 





TECHNICAL LITERATURE 


To help you keep right up to date in design, planning or actual buying, 
NUCLEAR POWER has compiled this list of advertised products and services 
under broad group headings. Study the advertisements and then simply tick 
the items about which you would like further details. Then post this form 
back to us and we will take immediate action to see you receive the 
information you want. 


Bearings 


[) Hoffmann Manufacturing Co Ltd, The A67 
Pollard Bearings Ltd A39 


Capital equipment 

[J] Armstrong Whitworth Aircraft Ltd, 
Sir W. G. 

{[) British Jeffrey-Diamond Ltd 

[) Carruthers & Co Ltd, J. H. 


Carbon and graphite 

] British Acheson Electrodes Ltd 

L}) Powell Duffryn Carbon Products Ltd 
Chemicals 


} tmperial Chemical Industries Ltd 
CL} Nash & Thompson Ltd 
Shell Chemical Co Ltd 


Construction and allied services 
Darham Industries (London) Ltd 
Kennedy & Co Ltd, Allan 
Rawiplug Co Ltd 
Simon-Carves Ltd 
Vokes Genspring Ltd 
Wright, Anderson & Co Ltd 


Corrosion prevention 


British Paints Ltd 
Electropol Processing Ltd 


Design and allied services 
Irwin Technical Ltd A63 
Sperry Gyroscope Co Ltd Aél 
Wilson & Partners Ltd, A. C. A83 


Electrical generating and subsidiary equipment 
] Tudor Accumulator Co Ltd, The A8 


Fabrication and machining 
Anglo Swedish Electric Welding Co Ltd A82 
Armstrong Whitworth Aircraft Ltd, 
Sir W. 
Darham Industries (London) Ltd 
Grazebrook Ltd, M. & 
Harvey & Co 7 mead Ltd, G. A. 
Ide Ltd, C. 
Marston Soeaiiler Ltd 
Murex Ltd 
Osborn & Co Ltd, Samuel 
Screw Machine Products Ltd 
Stainless Steel Profile Cutters Ltd 
Yarrow & Co Ltd 
Yorkshire Engineering & Welding Co 
(Bradford) Ltd 


OOOOOoOCOoo 


Filters 
Air Control Installations Ltd Al5 
Endecotts (Filters) Ltd A91 
Ozonair Engineering & Co Ltd A66 





treatm t, control and storage 
Ashwell & Nesbit Ltd 
Electro-Hydraulics Ltd 

Erhard, Johannes 

Howden & Co Ltd, James 

Imperial Chemical Industries Ltd 
Lloyd & Ross Ltd 

Magnetic Valve Co Ltd 

Midland Heating & Ventilation Co Ltd 
Service Electric Co Ltd 

Techniques Nucléaires 

Williams & James (Engineers) Led 


Heating plant and equipment 
(1) Ashwell & Nesbit Ltd 





_) Barlow-Whitney Ltd 


[] Service Electric 2 oa 


[) Stabilag Co Ltd, 
() Standard & Het OA _ = Ltd, The 


Instrumentation 

C) Appleby & Ireland Ltd 

_} Bailey Meters & Controls Ltd 
Burndept Ltd 

Cambridge Instrument Co Ltd 
Cawkell, E. 

Cossor Instruments Ltd 

[ Davison & Co (Hexham) Ltd 
[} Dynatron Radio Ltd 

Fieming Radio (Developments) Ltd 
Ekco Electronics Ltd 

Elliott Bros (London) Ltd 
EMI Electronics Ltd 

Ericssons Telephones Ltd 
Hivolt Ltd 

Isotope Developments Ltd 
K.D.G. Instruments Ltd 
Labgear Ltd 

Londex Ltd 

Lyons Ltd, Claude 

Philips Electrical Ltd 

Pye Ltd 

Radiation Monitors Ltd 
Sangamo Weston Ltd 
Southern Instruments Ltd 
Sunvic Controls Ltd 


fm) 





enstr on ¢ v 
Burgess Products Co Ltd 
Ericssons Telephones Ltd 
General Radiological Ltd 
Imhof Ltd, Alfred 
[} Londex Ltd 
Nash & Thompson Ltd 
Simmonds Ltd, L. E. 
Sperry Gyroscope Co Ltd 
Thermocontrol Instruments Co Ltd 


Insulation 


[) Cape Asbestos Co Ltd 
[) Stabilag Co Ltd, The 





Liquid treatment t, control and storage 

) Electro-Hydraulics Ltd Ad! 

Evans & Sons (Wolverhampton) Ltd, 
Joseph 

[] Howden & Co Ltd, James Cover 3 
] Magnetic Valve Co Ltd All 
}) Rotameter Manufacturing Co Ltd A68 


Lubricants 
CJ) Shell-Mex & B.P, Led 


Mechanical handling and positioning 
() Carruthers & Co Ltd, J. H. 

[] Coyrtburn Positioners Ltd 

[) Moore Ltd, 


“4 


CL) Paterson Hughes Engineering Co Ltd 


Metals 

Cashmore Ltd, John 

sr Processing Ltd 
GEC-Osram Metals Div 

Imperial Chemical Industries Ltd 

Jessop & Sons Ltd, or 
Osborn & Co Ltd, Sam AS4 

Smith & Sons (Clerkenwell) Led, Jj. A64 
Wiggin & Co Ltd, Henry 197 


Metal treatment 
[) Gem Brushes (Luson) Ltd A71 


f 


9 


Cover | 
A3 


oooo0o0oo 


please send me further information on the above items which 1 have ticked. 


NAME 


POSITION 





Office equipment 
(1) =Photostat Ltd 


Power station equipment 
Fraser & Fraser Ltd 
Kennedy & Co Ltd, Allan 
Pyrotenax Ltd 

Serck Radiators Ltd 
Stewarts & ey Ltd 
Weir Ltd, & j. 


Radiographic equipment 
Ilford Ltd 
Kodak Ltd 


Reactor construction 
ACF Industries Inc 
[] General Electric Co Ltd 
[] Humphreys & Glasgow Ltd 
Simon-Carves Ltd 


, GOO 


Reactor equipment 

Dowty Nucleonics Ltd 
Erhard, Johannes 

Elliott Bros (London) Ltd 
Marston Excelsior Ltd 
Sunvic Controls Ltd 

L Techniques Nucléaires 

C) Weir Ltd, J 


Remote handling equipment 
Evans & Son (Portsmouth) Ltd, 
Savage & Parsons Ltd 
Western Detail Mfrs + 

[] Wilson & Partners Ltd, 


Shielding 
Associated Lead Mfrs Ltd 
Evans & Son Ltd (Portsmouth), J. 


Special equipment 
Bailey & Co Ltd, Sir W. H. 
Evans & Son Ltd (Portsmouth), J. 
Heat Exchangers Ltd 
Laboratory Apparatus & Glassblowing Co A92 
Marston Excelsior Ltd A23 
Mountford (Birmingham) Ltd, Frederick A73 
Murex Ltd A78 
Pascall Engineering Ltd, The 
Pye Ltd 
Thermal Syndicate Ltd, The 
Tubela Engineering Co Ltd 
Varatio-Strateline Gears Ltd 
[ Western Detail Mfrs Ltd 
CL) Westool Ltd 
Testing equip t—non-destructive 
[] Ultrasonoscope Co (London) Ltd 





Tools 
[) Evans & Son Ltd (Portsmouth) Ltd A40 


2 pipes, couplings, seals 

Avica Equipment Ltd 

Bloctube Controls Ltd 

British Ermeto Corp Ltd 

Dowty Seals Ltd 

Power Auxiliaries Ltd 

Stainless Steel Profile Cutters Ltd 
Stewarts & Lloyds Ltd 

Talbot Stead Tube Co Lt 
Teddington Aircraft Controls Ltd 


OoOoOo0oCoo0o 


Welding, welding equipment 

(1 Anglo Swedish Electric Welding Co Ltd A82 
[) British Industrial Gases Ltd AAS 
L) Courtburn Positioners Ltd Ars 








Note that no stamp is needed in United Kingdom 





Tuck im this end 


Nuclear Power 
This service is designed to give you ees 
advice or fuller information on any 
subject, or service mentioned in this 
issue—whether in the editorial text FREE ENQUIRY SERVICE ae 
or in an advertisement—free of 


charge and 


SUBSCRIPTION SERVICE 


‘ 


Fold Here 





No Postage 


Postage stamp 
will be necessary 
paid by if posted in 
uclear Power Great Britain Do you see 
or Northern 
Ireland 








NUCLEAR POWER 








Business Reply Folder Licence WD 1823 | regularly ? 





Fold Here Firn 


Nuclear Power, 
Through your not seeing even one monthly 
3 Percy Street, ; , 
issue you may have missed something really 
London, W1 important in the constantly changing nuclear 
England picture 

You can be sure of receiving Nuclear Power 
regularly every month by simply completing 
this coupon 





Please enter me as a subscriber to Nuclear Power for 
one year: 


Fold Here 


United Kingdom 42.2.0 +10s postage 
Other Countries @e&.3.6 
USA and Canada $8.00 +50c postage 


starting with the 


O and invoice me later 


QO subscription enclosed 
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are publications 














a problem? 





I RW | Ny T E os H N ICA L act as professional consultants to the 


engineering industry in all matters concerned with technical publications. 
Every facility is available for the authorship and illustration needed by 
organisations engaged in the manufacture of mechanical and electronic 


equipment. 


MANUALS + LEAFLETS - DATA SHEETS : FILM STRIPS - DISPLAYS - ILLUSTRATION” - PHOTOGRAPH} 


IRWIN TECHNICAL LIMITED 8 BREAMS BUILDINGS . LONDON E.C.4. 


Contractors to H.M. Government ELECTRONICS DIVISION: 6 WARWICK COURT etnias Holborn 4234-5-6 


\ DIFFERENTIAL 
“% -W) PRESSURE 
Gaeswnce By GAUGE sratic peessuacs 


‘hs 


DIFFERENTIAL 


This instrument is capable of 
withstanding the full static pressure 
of 150 p.s.i. as an overload on either 
the high or low side, without causing 
any calibration changes on returning 
to normal conditions. 

Dial ranges from 0—25” w.g.—dials can be 

calibrated in any unit required, such as This refinement affords full protection 

pressure, volume, square root, etc. against any line breakage or fault. 


In association with Stow & Partners Ltd. 


For full details write 


K.D.G. INSTRUMENTS LTD., Manor Royal, Crawley, Sussex. Crawley 25151 
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OIL FREE AIR 


INSTRUMENT PURPOSES 


% re 
os oA 


@ “ ‘co 


been specially 


re isolated ya means 

d from the 
shaft and 

connecting rod bearing. 


of a glanded piston 
|, normally lubricated 


Further s of these com- 
Srs can be obtained from 
e manufacturers. 
Please write asking for leaflets 
Nos. 4 and 20. 





A | 
‘Oil-Free Air 
ises the follow- 


ke 44 cylinder. 
cfm. at 


cylinder. 
cf.m. at 


stroke single cylinder. 
lace og, 2F at 750 RP. 


: stroketwin cylinder. 
placement 68 at 750 R.P.M. 


stroke four cylinder. 
Piston displaC@agent 136 at 750 R.P.M. 
maximum. 


Maximum pressure 60 p.s.i. 
continuous duty and 80 p.s.i. 
on intermittent duty. 





WILLIAMS & JAMES (ENciNnEERs) LTD. 


GLOUCESTER ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 . TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER” 





Ksvvs.1931 





for the most” 


BEER comprehensive 


METALS 


stock available 





BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 
ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 

TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 

PERFORATED SHEETS, STUDDING 


& SONS (CLERKENWELL) LTD. 
J * S M ! T 42/54, sT. shuns SQUARE, va RA LONDON, E.C.! 
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phone: CLE 1277 (14 lines) 
Screw Dept: CLE 0925 
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HEATING 








eo} od —— ee 
... Maintains the flow 


with the temperature 


you want 





What heat do you want? What material do you have in the pipes? What- 
ever the materials and whatever the heat up to 1,000°C., Stabilag Heating 
Tapes provide the complete answer. Easily connected, simplicity itself in 
the installation, the various grades of Stabilag Tapes can adequately keep 
anything moving from low temperature viscous materials to molten metals. 
“ Calsil” Heating Cables give temperatures up to 180°C., proofed or i) Da Meni aa tity 

: or ee ges _ weit Ta WRT 
unproofed C 1 for up to 250°C., S 1 covering the 300°C.—400°C. range GAP TAD TH) i al ' 
and the heavy duty Refrasil right the way to 1,000°C. abs j ' 
Stabilag Tapes are produced under the most exacting conditions and 
represent the very finest products of their kind. Additionally, Stabilag , 
have the technical backing and know-how which is a real and very neces- rye _ " waen We toes 
ieliab iii So a re * Gigs SO SE Se ia of a typical tape section. e perfectly 
sary service to the user. Advice is willingly and freely given, problems formed heating clement is hound ie 
are thoroughly investigated. Literature is available, please send for it. materials of suitable insulation properties. 


As with all Stabilag products, the heating 
tapes are of first-class quality. 


THE STABILAG CO. LTD. (Dept. A4) Mark Road, Hemel Hempstead, Herts. Telephone: BOXmoor 4481 


Ya tats 


For further details please write to: 








SERVICE 
TO THE NUCLEAR AGE 


As ever, Cambridge instruments are playing an important part in the development of the 
nuclear age. Temperature measurement, recording and control in various forms ; boiler 
feed water and gas analysis; mechanical and electrical recording of all kinds (including 
switchgear transients) ; generator cooling control — all are essential functions in modern 
power stations. Nuclear power has brought special problems, but some, like the recording of 
control rod positions in reactors, can be solved readily with the help of Cambridge instru- 
ments. Some difficult gas analysis problems, too, have been tackled successfully for A.E.R.E. 


CONSULT CAMBRIDGE FIRST 


New Mailing List. Write for complete list of publications (AP) and mailing list 


classifications. - lial ia eda ian CAMBRIDGE INSTRUMENT COMPANY LTD. 
1.E.A. Exhibition, April 16 to 25, ympia. See Stand No. 601. Tickets available 
pepsi to the company. 13 GROSVENOR PLACE, LONDON, S.W.1 
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A sound mechanical 
job, good to look 
= at, a ‘ Pyrotenax’ 
A Mlfi77 3. —<—~ ))\\)\ \\\\\\\\ installation costs less 


PEESEERLLLTULSTLEEL SES 


to install and is 





virtually everlasting. 


Photograph by courtesy of Messrs. Hawker Aircraft (Blackpool) Ltd. 
Write for full details and ‘‘ Technical Data No. X38”’ 


Branches: 


LONDON: Abbey /654-5 NON-AGEING ‘ NON FIRE-CAUSING 


BIRMINGHAM: Midland 1265 Pyro tenax SAFE AGAINST OVERLOAD - HEAT RESISTING 


MANCHESTER: Blackfriars 6946 RESISTANT TO MECHANICAL MALTREATMENT 
LEEDS: Leeds 27826 copper coverto MI castes MOISTURE PROOF ; RUST PROOF 
GLASGOW: City 3641-2 
CARDIFF: Cardiff 23689 











PERFECTEDO 8 Y EXPERIENCE 





PYROTENAX LIMITED . HEBBURN-ON-TYNE 
Telephone: Hebburn 32244-7 


GD38. 





issoimportant 
















and only the finest equipment is acceptable 


Continuous - Cleaning Ventex Air Filters 
ensure a constant flow of clean air to 
vital functions of atomic power plant 


equipment. The filter is static and rigid, 





ensuring strength and reliability under all 








conditions of operation. 


There is a Ventex Air Filter for every purpose. 














VENTEX 4 Attore 


Send your enquiries for air filters to: 


(pzowan ENGINEERING CO. LTD. 


NE ne aR ti tie ROCHESTER - KENT 


"ae errras A 
ee ae ee SOE ETS agent MER Re Telephone: CHATHAM 45011/PBX 
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The 
MASTER-SLAVE 
MANIPULATOR 
is “alive” with 
wawenwennm tloffmann Bearings 


There are about 220 of them — ball journals in non-corrodible steel, 
mostly in the miniature range and mostly of the shielded type as 
shown on the drawing of the differential “wrist” assembly. The 
smallest bearing used is only %%.” outside diameter. 

All pivots, pulleys and rollers are fitted with them to reduce 
frictional resistance to the 
very lowest level and by 
smooth motion combined §O} 
with entire absenceof shake, ><, 
ae dene a to facilitate the exact trans- @O 

P , mission of the operator’s 2S 
the bellows-sealed movements to the slave @ 
Gechor valve “hands” within the atomic , 

chamber. y 
; Wehaveworkedthrough- ¢ 

out in the closest collabora- & 
| tlon with Messrs. Pye Ltd. of ¢ 

Cambridge and congratulate ® 

them on having received 

substantial orders for these 

Manipulators. 


A ready sale at home an 
abroad is anticipated. 

























va 
w 
wi 
ws 
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oN 
— 
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pr 
nN 
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All stainless steel 
Argon-Arc welded 
Vacuum leak checked 
Tested with helium 
Yoh @mel-bi-laielg 


ABOVE Bearing layout for 
the “wrist” assembly 
including an enlarged 
view of one of the 
shielded ball bearings. 


LEFT Slave “hand” grasps 
and pours contents of 
bottle. 





Illustrations shown by 
courtesy of Messrs. Pye 


This valve is already fitted at: Ltd. of Cambridge. 


THE RESEARCH REACTORS 
EL3, P2, Aquilon 
AT SACLAY 


THE LIQUID METAL SYSTEMS 
AT CHATILLON 





THE PLUTONIUM PLANT BALL JOURNALS 


AT MARCOULE Your problem too may be modern 
| — we can help you 








82, rue Montigny, ARGENTEUIL (S.-et-0.) FRANCE Em 


THE HOFFMANN MANUFACTURING C ee) CHELMSFORD 
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Fluid measurement 
and control 


FLOW 


New Industrial Metric Series 
Electrical Transmitting Rotameters 
Pneumatic Transmitting Rotameters 
Flow Alarms devices. 


DENSITY 


Transmitting Slurry Density Meter 
Transmitting Fuel Density Meter 
Fuel Density Indicators. 


LEVEL 


Ekstrom Safety Level Indicator 
Pneumatic Level Alarms 
Electric Level Alarms. 










Visit Stand 939 to see and discuss 
demonstrations of the latest 
developments in Fluid 
Measurement and Control. Our 


experts are at your service. 


STAND 939 
Grand Hall, First Floor 
1.E.A. EXHIBITION 

OLYMPIA, LONDON, APRIL 16-25 


RAOTAMETER 


’ FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


—_— 


LONDEX 
Y 























for alarm circutts 
es a a le a 


These switches operate at one pre- 
determined pressure and reset at 
another. They are used for such 
purposes as the operation of remote, 
visible and audible alarms and the 
automatic control of pump motors 
or heaters in order to maintain 
between set limits the degree of 
pressure or vacuum in a system. 


For full details write for copy of Leaflet 
No. 119/N.P. 


Types PS/LW and PS/HP 








Fe), ap) 2.4 LTD ANERLEY WORKS, LONDON, S.E.20. 
. % SYDenham 311! 
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Scintillators in five forms are now 
available from Nash and Thompson Ltd: 


CRYSTALS 
Anthracene, Stilbene, Diphenylacetylene, 
in discs and cylinders. 


PLASTICS 
N.11 and N.11—xX-ray, high sensitivity, high 


ca ae | transmission polyvinyl toluene based. 
LIQUIDS 


More 


Ready made, sealed in glass containers 
rom to your specification, or as scintipaks. 
N.&T. 


SCINTIPAKS 

Accurately mixed dry constituents sealed 

in polythene envelopes, ready for dissolving 
in a suitable solvent as required. 


POWDERS 

Scintillation purity chemicals for 
crystal growing experiments, and the 
manufacture of special scintillators. 


Write or telephone for full information Nash and Thompson LIMITED 


OAKCROFT ROAD - CHESSINGTON - SURREY + ENGLAND -: ELMBRIDGE 5252 


WHG/NT6I 


Fabrications for the chemical industry in mild steel, 


stainless steel, aluminium etc., by 


Specially designed M.S. conical bases for Silos and Hoppers for 


Chemical Plant. 


The} more exacting the specification— 
the more you need YEWCO 


YORKSHIRE ENGINEERING & WELDING 
co. (BRADFORD) LTD. 


Friar’s Works, Bradford Road, Idle, Bradford 
Telephone: Idle 470 (4 lines) Telegrams: ‘YEWCO’ Bradford 
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‘B-W’ INDUSTRIAL 
HEATING EQUIPMENT 


for the 
CHEMICAL & NUCLEAR ENGINEER 


Illustration shows a special Gas Flow Heater to 
raise 100 |b/minute to 250°C. at 180 Ib/sq. in. 


Barlow—Whitney manufacture Industrial Ovens, Furnaces, — 

Humidity Testing Cabinets, Metal Pots and Vacuum Impreg- 

nating Plant in addition to a large quantity of special Heating 
Plant and Equipment. 


WRITE FOR FURTHER DETAILS QUOTING REFERENCE 16 P. 


BARLOW-—WHITNEY LTD., 2 DORSET SQUARE, LONDON, N.W.!I. = Tel.: AMBassador 5485. Works: London & Bletchley 





co, 


This illustration shows a 
storage installation for 150 tons 
of Liquid CO, at low pressure. 

Wesupply complete instal- 
lations including Vapourisers 
for large scale CO, discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO, production plants 
from a variety of fuels or from 
by-product gases with capacities 
of }-ton per day upwards with 
guaranteed purity of the CO, 
produced. 








cs 


tebebeebae 


LLOYD & ROSS LTD 


58 Victoria Street, S.W.|I. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 
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You can rely on 


THE BEST JETTL 


TRADE MARK 


See them at your local tool wholesaler or write to 


GEM BRUSHES (LUSON) LTD., EST. 1874 


ROTARY POLISHING & LATHE BRUSH DIVISION, KINGSWOOD MANUFACTURING CO., LTD. 
GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.10. Tel.: ELGar 7251 (5 lines) 











SMALL?... YES! But 


GIANT 
PERFORMANCE 


A.C. Voltage Stabiliser, Type ASR-1150 


This Stabiliser, of the A.C. automatic voltage step- 
regulator pattern, will handle loads up to over 1 kilo- 
watt—and has an output of 5 Amperes at (usually) 
230 volts. As a general rule it weighs only about 
1/10 of the so-common ‘“choke-condenser”’ types 
offered by many competitive firms. It has no large 
high-rating capacitors—which fail regularly in 
“‘resonated”’ types of Stabilisers, and which are very 
expensive to replace. 

ASR-1150 is insensitive to changes of mains frequency, works equally well from 0’, to 
100",, load (maximum loading 1150 VA), and has sinusoidal output waveform. The 
degree of Stabilisation it provides is ample for very many purposes. 

Complete details of our entire range of Regulators, of which there are many patterns 
ranging from 200 VA to about 30 kVA (single-phase) are given in our new 32 page 
Automatic Voltage Regulator Catalogue (S-574) which will be sent at once against your 
written request. 


Blande fpons GD, accra 


Telephone : Hoddesdon 3007 -8-9 





The ASR-1150 
Weighs 11 lb 
Measures 84 x 44x 5 
Price £25.16.0 Net 


Grams : Minmetkem, Hoddesdon 


Head Offices : 76 OLDHALL ST., LIVERPOOL, 3. Telephone: Central 4641/2 





CL34 
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STAINUES STON EEL 


SHEETS AND BARS 


Why burden, yoursel} 
with large stocks 





















jor ‘oft -the - shelf ‘delivery 


BRITISH MATERIAL ONLY 
One of the largest STAINLESS STEEL STOCKHOLDERS in the country, 
COMPETETIVE PRICES . SEND FOR sTtroc« ee S 


JOHN CASHMORE LTD 


GT. BRIDGE - TIPTON ° STAFFS. Tel. Tipton 2181/7 





who have a range of J 


1000 NEW TYPES wed 


b (Materiel Technique 
y Industriel) FP 


* Most models can be fitted with dust covers Operating from 1 Milliwatt to 1 Kilowatt with 
or hermetically sealed. up to 96 changeovers at 10 amps. per contact. 














Delivery 14-21 days 
for most types 


*% Range includes certain models hermetically 
sealed, all metal gas filled with glass base, and 
built in adjustable thermal delay. 


* Post Office types 3000 and 600 relays of our 


own manufacture to specification. Guaranteed 
to full A.I.D. and 1.E.M.E. standards. 


Sole concessionaires for U.K. and 
Af, if Dominions on behalf of M.T.1. 


L. E. SIMMONDS LTD. 


WAL SLL 










OANA 


= 5 BYRON ROAD, HARROW, MIDDX. 
Telephone: HARrow 7797/9? Telegrams: SIMRELAY HARROW 
(Manufacturers and Trade enquiries only) 
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SAFE 
SECURE SUPPORTS 


Flexible Pre-Engineered 
Pipe Hanging 





or all applications in 


Nuclear Power plants eee Piping that moves may well give rise to weight transfer 
and dangerous stresses at terminal points. Some high 


e . temperature pipes need complete support throughout 
. . - continue to fit their range of movement and to control vibration, 

while others need only limited control of vertical 

movement. In both instances the support provided 

must be correctly related to the stresses. Scientifically 

F cd EMO § TAIN LESS STEEL designed and constructed VOKES GENSPRING 
Suspension systems keep all such stresses safely under 

control. For uniform support VOKES GENSPRING 


bolts, nuts, screws CONSTANT SUPPORT HANGERS accurately 
balance the weight of the pipe, allow free non- 
and other fasteners resonant movement in all “hot” and “‘cold”’ positions, 


so eliminating weight-stress. Made to support loads 

of up hag 30,000 pounds with travels up to 12’, they 

H Hi simplify piping design and give the best possible 
with corrosion, protection to costly equipment. Designed to control 
. i vertical movement, VOKES GENSPRING VARI- 
contamination and ABLE SUPPORT HANGERS (shown below) give 
a variation of only 43% of rated capacity per }” 

of deflection. They provide a safe and convenient 


heat resistant method of support, they are easily installed and 
may be moved at will for use in alternative positions. 

H Various types are available including special adapta- 
properties. tions for low headroom. If you have pipe suspension 


troubles send for the two Vokes Genspring Cata- 
logues. They give full details of each method and 
will help you to select the type of suspension most 
suitable for your particular requirements. 





PRE 


TRADE MARK 






VOKES 


soap GENSPRING 
FREDERICK MOUNT SUSPENSION SYSTEMS 


(BIRMINGHAM) LIMITED Dept.W/5 


VOKES GENSPRING LTD. 





Fremo Works, Moseley St., Birmingham, 5 GUILDFORD - SURREY 
Grams ‘FREMO’ Birmingham vGvl4 





NUCLEAR POWER APRIL 1958 A73 








Tick No 89 on reply card for further details 


VARATIO & STRATELINE GEARS 





VARATIO | 


Variable Speed Gearboxes 


h) 
wi 


é° rs a 
aot ie 


ary 





~ 





STRATELINE 


Fixed Reduction Speed Reducers 





§ H.P. to 25 H.P 
Robust Construction No Friction Drives 
Positive Drive — Up to 26 Speed Changes 
Gear change under load without clutch 













We shall be pleased to supply 


Full Details on Application | Torque range 

| 46 Ibs. ins. to 
48,000 Ibs. ins. 
Exact ratios 


NON-STANDARD UNITS PRODUCED TO INDIVIDUAL REQUIREMENTS 


VARATIO-STRATELINE GEARS LTD., 
Motorised with any make or type of Motor or Non-Motorised. 


278 Aberdeen Avenue, Trading Estate, Slough, Bucks Positive drive in either direction. Reductions up 1,000,000 to | 
Telephone: SLOUGH 20271 /2 Telegrams: VARATIO, SLOUGH |_ obtained in incredit ly small space. 


to suit your re- 
quirements be- 
tween 3 to | and 
1,000,000 to |. 








BBil mw loalelelac-lilet- es) Mina mice 


fo) amy [Ulod(-t-] at ode) =) am) ech ale) ah 


Graphite2moderators are of vital 


importance in thermal reactors and BJ-D 





7 
Crushing Machines are just as important 
7 
in the production of graphite. 
a 
British Jeffrey-Diamond Crushers are made * 
in a wide range of sizes so that they can ° 
be economically employed in the primary, ° 
secondary, or tertiary stages of reduction. . 
‘oe - Ld 
Specify BJ-D Crushers for . 
the production of nuclear graphite | el 
° | \ 
~ @ | 
sales, — e ' 
\ 





j ! . 
3% BRITISH JEFFREY-DIAMOND LTD. 
Crusher & Industrial Division 
15-17 Caxton Street, London, SWI1 WE 5015 
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COURTBURN 
WELDING 
PLATENS 


Courtburn Welding Platens provide a flat 
surface on which fabrications can be set 
up accurately. 

Three sizes up to 8’ x 4’ are robustly 
made from finest quality close-grained grey 
iron. 

“T” slots for | in. dia. holding down bolts 
are provided to the pattern illustrated, 
and there are four socket head cap screws 
for levelling purposes. 

A number of platens may be placed side by 
side to form any required area of bed plate. 


AN AID TO GREATER ACCURACY IN FABRICATING 


Catalogue gladly sent on request 
KEMPSTON HARDWICK, BEDFORD 


Telephone : Kempston 2341-2 











| POSITIONERS LIMITED | | POSITIONERS LIMITED | 











Only by 


ELECT HWP OLISHING 


STAINLESS STEEL can you have all these advantages 


Increased corrosion resistance 
Complete chemical cleanliness 
Resistance to surface adhesion 


Intricate shapes polished easily 
compared with mechanical methods 


Production costs lowered 


QUICK DELIVERY 


It will pay you to Consult 


ELECUR (0) L processine utp. 


TRADING ESTATE : FARNHAM - SURREY - Telephone 5516/4644 
LONDON OFFICE - Telephone GERrard 8564 
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RADIATION MONITORS LIMITED 
Utility GEIGER COUNTER 


A highly sensitive, portable instrument made under licence from the U.K. 
Atomic Energy Authority as a general purpose monitor for the detection and 
THON qualitative measurement of gamma, hard beta and x-rays in laboratories or 
qa® industrial premises. 
\\ 


SS 


vt 












Qune® The design employs a specially-produced low-voltage halogen- 


quenched geiger-mueller tube in a simple integrator circuit developed 
from that evolved at the Atomic Weapon Research Establishment, 

and provides three ranges of visual response by flashing neon, together 
with a loudspeaker count of each ionising event at low radiation and 
immediate appreciation of any significant flux change at higher intensities. 
A convenient personal monitor, the Utility Counter is also suitable 
for radioactive survey in connection with the location of thorium 

or uranium ores and is ideal for realistic Civil Defence training, 
while the provision of a pulse output socket for connection 

to external circuit, oscilloscope or recording scaler is of particular 
advantage for demonstrating elementary nucleonics in 

schools and technical colleges. 

Supplied complete with battery pack and comprehensive instruction 
book covering elementary nucleonics, geiger counter theory, and 
notes on amateur prospecting. Miniature crystal earpiece 

on extension lead with jack plug an optional extra. 


£10 plus batteries £2 15 3 
9 


Size 9 x 6 x 3 inches. Weight 3 Ib 

Background count 90 c/min. 

Res Operating potential 400-450 V. 
Principal data: Current consumption ‘001 to 10 #A 
Battery life exceeds shelf life 

Response exceeds 30,000 c/m 

Output pulses approx. 1, 15 and 50 volts. 


U.K. Distributors: PROOPS BROTHERS LIMITED 
52 Tottenham Court Road, London, W.|. Tel: LANgham O14! 


Type 1430A 





Pulse Amplifier, Type 1430A is a wide 
band linear amplifier comprising three 
units designed for use with fast 
ionisation chambers, proportional 
and scintillation counters. 





<Cathode Follower 

See this and other DYNATRON instruments alee. 
on STAND 918 at the INSTRUMENTS, 
ELECTRONICS and AUTOMATION | 
EXHIBITION, Olympia, 16th to 25th April . SS a 
1 SPECIFICATION H.F, Head Amplifier . 


l Main Amplifier Input: 10 megohms, 10pf. 
Input: 100 ohms impedance. Negative polarity Output; Designed to feed imtoo 100 ohm 


matched cable. 
Gain: Maximum 86dB. Coarse Control: —0 to G: 31-SdB 
20dB. Fine Control: —0 to 20dB in steps of —_ : 
2dB each Filter: E.H.T. Filter suitable for voltages up 





Integrating Time Constants: 0-08us to Sys in to 3k\ 
lsat Cathode Foll 
ainode frottiower 
NUCLEONIC AND | Differentiating Time Constants: 0-O08us to 8us “i ' ~ ‘ m 10 pf 
in 7 steps plus 250yus step. nput: megohms, pr. 
ELECTRONIC DEPARTMENT | Output: Positive 50v, for 1% linearity. Output: Designed to feed into 100 ohm 
D ynatron Radio Ltd., | Saturation 70v, matched —- 
. Upper Frequency Response : {1°25dB to 1-4 Mc/s. Insertion Loss: 23dB. 
Maidenhead, Berks | 3:25dB to 2°8 Mc/s. __ Filter: As in H.F, Head Amplifier, 


Scalers Pulse Generators - Pulse Analysers - Power Units Probe Units ~ Pulse Amplifiers - Instrument Racks 
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international pipe couplings 


of proved efficiency 


ERMETO high pressure couplings have 
several outstanding qualities, not the least 
of which is their trouble-free service even in 
conditions of extreme vibration. Beyond the 
removal of burrs no work is necessary on the 


EQUAL ae pipe ends. Joints are made in a matter of 
ELBOWS , 
to suit N.B, si ” A . 

stuie tty 44* etal P. and re-made any number of times without 


moments and when required can be broken 


O.D. sizes #;" to 2 - impairing the pressure tightness. Because of 
EQUAL CROSSES to suit O.D. pipe sizes 
\.” to 2” and N.B. pipe sizes }" to 1\” our specialized knowledge we have createda 
range of fittings to suit almost every 
conceivable purpose, but we are always 
prepared to supply fittings to suit individual 
requirements. 


Literature and catalogues gladly sent on request 


BRITISH ERMETO CORPORATION LTD 


BANJO COUPLINGS j oo outa MM eine atiee 8° to 22° Hargrave Road Maidenhead Berks 


to suit O.D., pipe sizes #," to 2” and O.D, pipe sizes #;" to 2” 


1 N.B 2 Phone: Maidenhead 2271/4 Grams: Grambon, Maidenhead 
anc .B. pipe sizes } 





Veusons 


PURE FUSED SILICA 
LABORATORY 
WARE 


We also manufacture an 
extensive range of Vitreosil 
Industrial Ware 





@ Standard equipment for ashing determinations. @ Highly resistant to thermal shock. | 
@ For repeated use up to 1050° C. @ Completely inert to all acids except hydrofluoric. | 


LEAFLETS AVAILABLE ON REQUEST. | 


THE THERMAL SYNDICATE LTD. | 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 6-3242 
LONDON, 12-14 OLD PYE STREET, WESTMINSTER, S.W.1. Telephone: Abbey 5469 
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Aeronautical engineering is an excellent 
school for nuclear engineering. That is the reason for 
this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 


Our machine tools and their highly skilled operators are 





now tackling a wide variety of engineering problems. 


We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
BAGINTON, NR. COVENTRY. TOLLBAR 2261. 


The above illustration shows a selective 
range of pure tungsten articles fabricated by 
machining or spinning. We shall be pleased to 
quote against customers drawings. 


MUREX LIMITED = (Powder Metallurgy Division) 
RAINHAM « ESSEX Telephone: Rainham, Essex 3322. 


Telex 28632. Telegrams: Murex, Rainham-Dagenham Telex 
LONDON SALES OFFICE: CENTRAL HOUSE UPPER WOBURN PLACE, W.C.I 
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Pumps tor special duties 


We are specialists in high pressure positive displacement 
pumps of compact dimensions for handling liquids of varying 
viscosities and with other difficult characteristics. Pumps 


are also made in special materials for arduous duties. 


JOSEPH EVANS & SONS (WOLVERHAMPTON) LTD 


CULWELL WORKS, WOLVERHAMPTON 
Telephone: 20864 /6 


LONDON OFFICE: Pulsometer House 
20/26 Lamb’s Conduit St, W.C.1 














AND NOW AT BRADWELL! 


WHEN SPECIAL PURPOSE TRANSPORT TANKS ARE REQUIRED 





* DARHA M CAN PROVIDE THEM EFFICIENTLY & QUICKLY 





Engineers and makers of 


TRANSPORT TANKS 
STORAGE TANKS 
PRESSURE VESSELS 


Fabrications in 








MILD STEEL 
STAINLESS STEEL = ” fel Unit by ert > 
and ALUMINIUM ee ate ~ ge on site at 


worss % DARHAM INDUSTRIES (LONDON) LIMITED 


BASILDON, ESSEX 13. VICTORIA STREET - LONDON -< S.W.1 


AND 
DURHAM CITY. Phone: ABBEY 2231-3 
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LIGHT WATER POOL TYPE 





"aACft 





reactor diversification 
and reliable design... 


Unlike other builders of nuclear reactors who specialize in specific types — ACF 
has achieved prominence through diversification. This diversification is a tribute 
to the range and depth of our scientific, engineering and manufacturing skills. As 
a result of our field proven designs — today we offer a group of “standard reac- 
tors”. The ACF Heavy Water Tank Type standard reactor is the direct result of the 
experience gained with the MIT reactor, the Italian National Committee reactor in 
Italy and other designs recently completed for government and private organiza- 
tions. By combining the best features of each of these installations ACF is ready 
to offer a standard Heavy Water Tank Type research reactor with power levels rang- 
ing from 1000 KW to 10,000 KW. 

Another standardized reactor is the ACF Light Water Tank Type—based on the best 
design features of 4 similar units now under construction in the U.S., Holland 
and Sweden with power outputs ranging from 10,000 KW to 30,000 KW. Used 
primarily for materials testing and engineering development, these units are 
further evidence of ACF’s established pattern of reliability in reactor design and 
construction. 

Two ACF Power Reactor Designs have recently been completed — one the Boil- 
ing Water Reactor Type and the other the Gas Cooled Type. The ACF approach to 
power reactor construction is based on the use of proven engineering and sound 
design to provide the customer with the most economic solution of his problem 
with existing technology. 


HEAVY WATER TANK TYPE LIGHT WATER TANK TYPE PROCESS HEAT 
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based on experience 


Other new design developments at ACF include the Process Heat Reactor and the complete 

line of Pool Training Reactors as announced recently. 

Reactors from a 1 watt trainer to 150,000 TKW power unit have already been designed by ACF. No 
matter what your requirements are in the area of nuclear reactors, the diversification, experienced 
personnel and proven designs found at ACF are your best assurance that we have a sound technical 
and economic approach to your problem. We are free at any time to undertake exploratory discussions. 
Write to us, or see us at our Booth at the Atom Fair March 16-21. 


ace hee 


BOILING WATER POWER REACTOR 


Sossssess= 


NUCLEAR PRODUCTS-ERCO 
Division of AQCf industries incorporated 


508 Kennedy Street N.W., Washington 11, D.C. 
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instrumentation... 


WHERE EVERY NUCLEONIC PROJECT STARTS 


FAST NEUTRON MONITOR ype /407¢ 


A self-contained general purpose Fast Neutron Monitor. 
designed in conjunction with A.E.R.E., Harwell. 


Meter calibrated 0-4 counts per second 

Measurements up to 400 counts per second in 3 decades 
Incorporates proton recoil proportional counter 
Powered by seven 1.3 volt“ Kalium” mercury cells 


Fully sealed for operation in unprotected positions 


vrvrvrvv Vv 


Easily decontaminated and readily transportable 


For further particulars, contcct 


NUCLEONICS DIVISION 





RADIATION MONITOR Type 5N.//0 


Designed primarily for measurement of 
radiation from contaminated apparatus 
or surfaces, and personnel monitoring 

using Alpha and Beta/Gamma Probes. 





BURNDEPT 
LIMITED 


ERITH KENT 


> Count rates up to 5000 per second in 
four ranges using meter indication 

Resettable register for low count rates 
Incorporates stabilised E.H.T. supply 
for probes 

Large Area Alpha Probe has effec tive manufacturers of Head Amplifiers 
area of approximately 16 Square inches Ratemeters « Radiation Monitors « Neutron Monitors 
Easily decontaminated and readily 
transportable. 


ANGLO- 
SWEDISH . 


ELECTRIC WELDING CO. LTD 


vrvrvv 








FIRST CLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


e have ample facilities for handling top-grade weld- 
ing repairs to boilers, castings, machine parts, etc., 
with expert technicians for Fabrication work, Structural 
Steel work, Tank construction and Electric Stud Welding. 


Phone, Call, or Write us NOW for immediate service 


ANGLO-SWEDISH ELECTRIC WELDING CO. LTD. 


LONDON -« GLASGOW <- LEITH 
NEWCASTLE ~« LIVERPOOL 
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THIS DESCRIPTIVE COLOUR 
BROCHURE SENT FREE ON 
REQUEST. 
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From Drawing Board to Site 


A. C. WILSON & PARTNERS LTD. 


PIONEERS OF A COMPLETE NUCLEAR ENGINEERING SERVICE ANNOUNCE AN 
ALL BRITISH DEVELOPMENT BELIEVED TO BE THE WORLD’S FIRST REALLY 





HEAVY DUTY REMOTELY GONTROLLED POWER OPERATED MANIPULATOR 


pa)tent applied for) 


featuring the following unique advantages :— 


@ CAPACITY 
will handle greater loads and pro- 
vide more power than any 
known similar manipulator. 


@ VERSATILITY 
no less than 12 independently 
controlled and separately pow- 
cred motions including 2 Power 
Take-Off drives for tools and 
* heads ’. 


@ SENSITIVE CONTROL 
automatic ‘feed-back’ of applied 
effort provides operator with 
‘feel’ over control and effort, 
enabling heavy operations to be 
performed to an accuracy of 
thousandths of an inch. 


@ SIMPLICITY 
designed and built to precise but 
rugged standards and very simple 
to operate, this manipulator re- 
quires the absolute minimum of 
servicing and decontamination. 


@ FLEXIBILITY OF INSTALLATION 
can be remotely controlled from 
one or more independent 
‘stations’. Designed to with- 
stand the effects of high level 
gamma radiations. 


@ ADAPTABILITY 
a range of automatically and re- 
motely interchangeable power 
tools or ‘ heads’ is available, in- 
cluding Drilling, Box Spanners, 
Lifting and Wrist Motion Jaws, 
Slitting and Grinding, etc. 


@ MODEST COST 
this Manipulator is not an un- 
proven prototype, but has been 
subjected to the most searching 


Travelling Manipulator installed in Windscale Laboratory. and stringent acceptance tests 
by the U.K.A.E.A. 





We have Designed and Procured:— 


IRRADIATED FUEL ELEMENT LABORATORY —WINDSCALE 
D.M.T.R. HOT LOOP DISMANTLING CAVE — DOUNREAY 


BOTH PLANTS CHOSE OUR MANIPULATOR FOR THE REMOTE HANDLING OF RADIOACTIVE RIGS AND FUEL ELEMENTS 





NUCLEAR — MECHANICAL — CHEMICAL — CIVIL— STRUCTURAL & ELECTRICAL ENGINEERS 
DESIGN HOUSE - THE MALL - EALING « W.5 ‘ Telephone: EALing 9843 and 1942 
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Our lifting appliances have been used in 
the building and equipping of several of 


Britain's nuclear power stations. 


Wal. MOORE Ltd. 


13/31 POPLAR HIGH ST., LONDON, E.14 





EAST 2613-7; 4601-2 Estab. 1863 
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} 
CONTROL AND 
INSTRUMENT PANELS 


Thermocontrol desk, cubicle and wallmounting 
panels (including illuminated graphic panels) are 
designed and fabricated to customer’s requirements 
in steel, plastic or specified materials. These panels 
have a coded wiring system of ample capacity, 
and programme, alarm and monitoring pilots are 
included. Liquid lines are provided with suitable 
drip trays. All panels are functionally tested 
before despatch. 





These Power Stations use Thermocontrol Panels 


C.E.A. Roosecote Sets 1, 2,3 & 4 
C.E.A. Bold (St. Helens) Sets 1, 2, 3 & 4 
C.E.A. Plymouth **B”’ Set 3 
C.E.A. Battersea “B”’ Sets 1, 2,5 &6 
Nova Scotia Light & Power Co. Halifax. Sets4 & 5 
Wilge, South Africa Sets 1 & 2 
Elektrim, Poland 
Ywana Power Station, Burma 
and many others at home and overseas. 




















Twenty-one years of experience in heating and ventilat- 
ing gives us a right to blow our own trumpet! We 
offer you an unparalleled service, the best equipment— 
and the knowledge that if it’s a Thermocontrol 
installation, itll do its job well and thoroughly. For 
details of this, or any other equipment which we make, 


write to: 


Thermo (} control 


INST. CO.LTO. 


2-8 VALENTINE PLACE, BLACKFRIARS ROAD, LONDON, S.E.1 


Thermocontrol manufacture a complete range of controls for air conditioning, 
refrigeration, autor atic temperature and humidity adjustment in process controls 
for automation. 
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against radiation hazards 





With 
New E.M.lI. Hand and Clothing Monitor Type 1 


This new E.M.I. Hand and Clothing Monitor has 

been designed to the latest U.K.A.E.A. requirements to 
safeguard workers in nucleonics. The two Clothing 

Probes give separate indication of Alpha and Beta Gamma 
levels, and can be used at the same time as the Hand 
Monitor — thus providing for speedy, accurate and 
continuous checking of personnel and clothing for radio- 
active contamination. Ruggedly constructed for industrial 
use, the Monitor is simple to operate and maintain. 


Complete Hand Monitoring in 5 seconds 
Audible and visible “Danger Level” warning 
Independent Alpha and Beta Indications 


Automatic Correction for background radiation 


For further details, telephone or write to:— 


E.M.l. ELECTRONICS LTD 


INSTRUMENT DIVISION + HAYES - MIDDLESEX 
Telephone : SOUthall 2468 - Exts. 1071 and 655 





On show at the 
L.E.A, EXHIBITION, OLYMPIA 
16th—-25th APRIL, STAND 506 





EE 146 
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. because vital diagrams, documents and plans have 
been lost or destroyed. 

Record them on film with a ‘Statfile’ Recorder. 
This provides both a secure, economical filing system 
and photographically accurate copies whenever you 
want them. 








_ A record of any drawing up to 40” « 60" can 
of ] be made on a film negative 2?” « 4” by the 
Recorder. 18,000 of these negatives can 
be stored in a small ‘Statfile’ Cabinet. 


STATFILE RECORDER 


MODEL 70 mm. 


Write or telephone for further details: 
Department 227, Photostat Limited, 1-4 Beech Street, London, E.C.1 
Telephone: Metropolitan 0311 


*Statfile’ is a registered trade-mark 
Ultrasonic flaw detection 
equipment is now standard for a 
wide range of applications 


@ Non-destructive material testing 





@ Rapid, certain fand accurate detection of 
internal flaws 






@ Ease of operation and low running costs 


@ Completely automatic scanning gives warn- 
ing of flaws 





Typical applications in the Nuclear field include the 
testing of graphite, heavy welds in pressure vessels, 
The ULTRASONOSCOPE is the most versatile instrument for lead shielding, heavy plate for lamination and all types 


non-destructive testing of engineering materials. 


of forged and wrought products. 





Glass Developments Ltd., of the same 


address, specialize in precision engineering ULTRASONOSCOPE CO. (London) LTD. 
and instrumentation; their designs and GLASS DEVELOPMENTS LTD 
products have many applications in the ° 
field of nuclear power. SUDBOURNE ROAD, LONDON, S.W.2. 
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* 
Cm inc 
RADIO (DEVELOPMENTS) LTD. 


* RADIO-ACTIVE DUST 
SAMPLING EQUIPMENT 


* AUTOMATIC AIR POLLUTION 
RECORDERS 


* PERSONAL RADIATION 
MONITOR 


* FAST PULSE 
GENERATORS 


* FAULT LOCATING ON 
OVERHEAD POWER LINES 


IF ANY OF THE ABOVE ITEMS INTEREST YOU 
PLEASE WRITE FOR OUR COMPLETE CATALOGUE 


WE ARE EXHIBITING ON STAND 700 
INSTRUMENTS ELECTRONICS AUTOMATION - OLYMPIA LONDON APRIL 16—25, 1958 





Designers and Manufacturers of:- Logarithmic Ratemeters, Pulse Generators, Time-Base 


Equipment, X-ray Dose Meters, Linear Amplifiers, Quench Amplifiers, Gamma-Radiation Monitors 


CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 
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the flow with the ‘Telicator’ 


Low or high pressure fluid systems can be fitted with a 
Telicator Visual Flow Indicator, which is a simple instrument for 
indicating the flow, whatever the viscosity. The rotors are specially 
designed by Dukes and Briggs to give the clearest indication over 
specific ranges of flow rate. Water supplies for cooling purposes, 
and forced lubrication systems are two typical applications. A new 
model is under development for use with opaque fluids, and special 
designs can be made to meet specific requirements. 


® Comparative flow gauged by speed of revolving rotor 


® Extreme sensitivity at all pressures 
Note these \ © Uvits readily adaptable to existing installations 
features ®@ May be mounted in any plane 
®@ Simple design ensures complete reliability 





LONDON OFFICE: SELINAS LANE (OFF WHALEBONE LANE SOUTH), DAGENHAM, ESSEX 








“FLAT-FIN” GILLED TUBE can 
be supplied in various metal com- 
binations of tube and gilling, tube 
diameter and gill pitch. Gilling 
mechanically bonded to tube with- 
out solder or other intermediary 
ensuring maximum heat transfer. 


FULL DETAILS 
AND PRICES 
GLADLY SENT 
ON REQUEST. 


bd . 


Ss 


SIR W. H. BAILEY & CO. LTD, PATRICROFT, MANCHESTER, ENGLAND 


Phone: Eccles 3487-8-9 Grams: Beaccn, Eccles 


AIR HEATERS 


We present a selected range 
of ‘‘FLAT-FIN” AIR HEAT- 
ERS in our new Publication 
No. 185. It contains 20 pages of 
tabulated outputs, dimen- 
sions, useful information and 
notes; a copy is yours for the 
asking. With your request 
please let us have details of 
your specific requirements in 
this field. 














THE STANDARD & POCHIN BROS. LTD. 


FAN ENGINEERS AND ALLIED EQUIPMENT 


DEPT. N.P., EVINGTON VALLEY ROAD‘ LEICESTER 


a CR AARNE 
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PHONE > DOMINION 227 












Fabricated by 


(ARROW 


... the bodies for twelve 





60" Tansphere Valves 
being supplied by 
Hopkinsons Ltd for 
Bradwell-on- Sea 


Nuclear Power Station 


YARROW & CO. LTD 
SCOTSTOUN, GLASGOW, W4 


SCOTLAND 
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SMALL NUCLEAR POWER STATION 


of the 


ALCO PRESSURISED WATER TYPE 


based on the 


APPR now in regular operation at 
Fort Belvior near Washington, D.C. 


Stations giving 50 MW heat or 12.5 
MW of electricity or the equivalent 
output of heat and electricity, are 
available from HUMPHREYS & 
GLASGOW LTD. The delivery 
period expected is about 30 months. 


The Nuclear plant will be made 
by Daniel Adamson of 


Dukinfield to the design of Alco HUMPHREYS & (Cem AYCEOR' LTD 


Products Inc. of Schenectady HUMGLAS HOUSE : CARLISLE PLACE - LONDON S.W.1 


Telephone: ViCtoria 8454 


ALSO IN CANADA - AUSTRALIA © FRANCE © GERMANY - SOUTH AFRICA ~ INDIA © JAPAN . 
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Precision Engineers 
Capstan, Auto and Centre Lathe 
Turning. N 
Horizontal and Vertical Milling. ; 
Drilling and Tapping. 
Centreless, Surface and Internal 
Grinding. 
Case-Hardening and Stove 
Enamelling. 

Own Design and Drawing : 

Office, Toolroom and 

Experimental Department. 

(Approved A./.D., 0D.1.Arm., A.R.B.) 

Machining Specialists in 

Stainless and Various 

High Tensile Steels. 

SCREW MACHINE PRODUCTS LTD. 

Wooburn Green, near High Wycombe, Bucks. 

Telephone: Bourne End III N 








THE DAVISON VACUMETER 


A Mercury Column Vacuum Gauge 
for accurately registering the absolute 
pressure inside a Steam Condenser 





¥* Installed by The United Kingdom Atomic Energy 
Authority in Calder Hall. 

¥* In many Central Electricity Generating Board 
Stations and in others throughout the world. 

* Also in Turbine-driven Steamships. 


DAVISON & CO. (HEXHAM) LTD. 


(ENGINEERS) 
HEXHAM - ON - TYNE 


Telegrams: “* Davison, Hexham.” 


ENGLAND 


Telephone: Hexham 7 











Tick No 117 on reply card for further details 
Av?0 


Tick No 116 on reply card for further details 


laboratory 
end runner 
mills 


Available with four mortar sizes, 
6”, 10’, 15”, 20°. Mill supplied 
complete with electric motor and 
starter and with either ceramic 
or metal mortar and pestle. 


The mortars and pestles are inter- 
changeable. A ceramic set can be 
used to process material adversely 
affected by contact with metal 
and a metal set, either high grade 
cast iron or stainless iron can be 
carried as a spare set for use on 
material for which ceramic is 
unsuitable. The pesties are 
arranged to swing clear of or lift 
out of the mortars to facilitate 
emptying or cleaning. 


The model illustrated is the No.2 
mill with a 1S’ diameter mortar. 








THE PASCALL ENGINEERING CO. LTD. 
GATWICK ROAD - CRAWLEY - SUSSEX. 





That’s a tough customer 


Visit our Stand No. | 46 
at the Factory Equipment 
Exhibition 






Industrial models are 
available as follows: 
INDUSTRIAL 4H 
Hand operated hydraulic. 
Capacity 2”—4" pipe. 
INDUSTRIAL 4M 
Motorised hydraulic, 
Capacity 2"—4" pipe. 


FORMERS ARE 
AVAILABLE FOR 


PROGRESSIVELY 
BENDING 5 & 6 


This bending machine from the Tubela Industrial 
Series is strong e 10ough for the hardest heavy-duty 
jobs, yet small enough to be transportable. Des gned 
for cold and unloading bending of steam and gas, 
hydraulic, stainless steel, and some classes of pipes 
to B.S.S. 806, it produces a 9)° bend in 5 minutes 
from start to finish (floor to floor). Open type 
bending frame for easier bending and handling of INCH NOMINAL 
flanged pipes. All models fitted with swivelling BORE TUBE. 
Compan es, Indstrial Undertakings, ubela 
loreign Governments and te U.K 


i 4 
Atomic Energy Authority. Write today lhe RB Z Po 
for details. 


TUBELA ENGINEERING COMPANY LIMITED 
FOWLER ROAD - HAINAULT - ILFORD - ESSEX ~- Tel: HAlnault 4426-8 








castors for easier shop handling. 


Well known users include Oil 
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STEEL FABRICATING 


AND 


MACHINING SPECIALISTS 


LLOYD’S CLASS Il FUSION WELDED VESSELS 
CONTRACT GUILLOTINING—96” x 3” 
HYDRAULIC FORMING & BENDING—1I50 TONS 
PLATE ROLLING—120” x 3” 
PROFILE CUTTING UP TO 6” THICK 
ARC & GAS WELDING 
a 
MACHINING CAPACITY 
UP TO 86” DIAMETER & 144” LENGTH 
* 

OIL, WATER & ACID STORAGE TANKS 
Ex-Works & Fabricated on Site 
le 


EXPERIMENTAL & RESEARCH CHAMBERS 
VACUUM VESSELS, PROCESSING & STORAGE 
TANKS, DUCTING, PIPEWORK 
CHIMNEYS, HANDLING EQUIPMENT 
HEAT EXCHANGERS & STRUCTURES 


* 
Enquiries invited 


EMPIRE WKS., RICHMOND ROAD 
KINGSTON-ON-THAMES 
Phone Kingston 6820 & 6272 

















Specify 
FRASER 
BOILERS 


Whatever the purpose 


If small capacities and lower pressures are 
required, specify the ‘* Fraser-Culmen”’ 
Vertical Boiler. (IMustrated on right.) 









For low pressure Steam or Hot 
Water Boilers specify the ‘‘Fraser 
Radiant Heat"’ Boiler. Capacities 
up to 5 millions 
B.Th.U. per hour. 

(Illustrated below.) 






If pressures up to 500 Ib. p.s.i. and 
capacities up to 10,000 Ib. of steam 
per hour are required, specify the 
**Fraser Water-Tube Boiler.’’ 

( 'llustrated above.) 


Illustrated details sent on request 


Makers also of Class 2 
Welded Pressure Vessels 


FRASER & FRASER LTD. 


BROMLEY-BY-BOW LONDON, E.3 


Phone: ADVance 3266-9 
Grams: Pressure Easphone London 








Tick No 121 on reply card for further details 





NUCLEAR POWER APRIL 1958 


Tick No 120 on reply card for further details 








Designed to Customers Requirements 


orifice 0.04 in. upwards 
* 
any pressure or vacuum 
* 
normally open, normally closed, 
or three-way 
* 
direct acting or relay acting 
* 
up to 300° C. 
* 
standard, flameproof or intrinsically safe 


We invite you to discuss your problems with us 


LECTRO- ‘& 
YDRAULICS LTD 


WARRINGTON 





Phone: Warrington 3524! 








sieving with 






%* Ask for data 
Sheet NP/57 


ENSURE ACCURATE AND SPEEDY SEPARATION 
Standard Test Sieves to B.S.410:43 and U.S. Bureau of 
Standard (A.S.T.M.EIl) down to No. 400 (37 microns). 


*“*Endrock’”’ Test Sieve Shakers 


ENDECOTTS (FILTERS) LTD. 
251 Kingston Road, London, S.W.19 LiBerty 8121/2 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 








2 3 Oe OF OF 


Send enquiries to Dept. N.P. 
STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ’phone 1522/23. 
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ee onr Laboratory Apparatus 
and 


Glassblowing Company 






RUBBERS - POLYTHENE - SILICONE 
NEOPRENE - NYLON - P.V.C. PLASTICISED 
P.V.C. RIGID - PERSPEX - P.T.F.E. 


Almost all nuclear installations employ this 


fitting due to its robustness and its adapt- 
ability. 
CONTAINERS and FABRICATIONS 


‘BLOCTUBE’ controls were selected for TUBINGS and APPARATUS 


controlling fine control valve in Neptune. 


Your enquiries are invited for complete installations 


or for fittings as illustrated. Catalogue sent on request 


77 Grosvenor Street, Manchester, 1 
BLOCTUBE CONTROLS LIMITED 


AYLESBURY - BUCKS 


Telephone: ARD 6409 


SSF S SSS FS SSS SSS SSS SSS SSS ESS S SSS SS SSS SETS 


M & W GRAZEBROOQK oupLeY worcesTERSHIRE 


LIMITED EST.1750 








Tel: DUDLEY 2431-3 Telegrams: GRAZEBROOK DUDLEY 


HEAVY IRON CASTINGS 
UP TO 20 TONS 


STAINLESS STEEL AND 
ALUMINIUM PRESSURE 
VESSELS 


STEEL FABRICATIONS FOR 
NUCLEAR POWER PLANT 


CLASS | VESSELS AND 
RAILWAY TANK WAGONS 


CHEMICAL PLANT. 
HOMOGENEOUS LEAD 
LININGS 


HOT PRESSINGS UP TO 1}” 
THICK x II FT. DIA. 
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CLASSIFIED ADVERTISEMENTS 


RATES Classified advertisements are charged at 4s. per line. Semi-display setting £2 per single-column inch. 5% is allowed 
to trade advertisers for six insertions. 10% for 12 consecutive insertions. Box numbers will be charged Is. extra 


REMITTANCES Cheques and postal orders should be sent to Rowse Muir Publications Ltd with the order for the advertisement 
PRESS DAY Advertisements must be received not later than April 14 for the May issue 
TERMS All advertisements are strictly net and must be prepaid 
HEAD OFFICE All advertisements should be addressed ‘‘ Classified Advertising,"" NUCLEAR POWER, 3 Percy Street, London, W1 
BOX OFFICE REPLIES NUCLEAR POWER, 3 Percy Street, London, W1 











SITUATIONS VACANT 





A.E.1.—JOHN THOMPSON 
NUCLEAR ENERGY CO. LTD., 
RADBROKE HALL, 
KNUTSFORD, CHESHIRE 


CONTROL ENGINEER 


An honours graduate with a good degree 
in mathematics, physics or engineering 
is required for work on problems asso- 
ciated with reactor kinetics and the con- 
trol of nuclear reactor power plants. 
Previous experience in one or both of 
the following subjects is necessary :— 

1. Analysis of closed loop control sys- 
tems. 

2. Analysis of problems involving 
dynamics, thermodynamics and the 
flow of fluids. 

A knowledge of analogue computing 
principles and techniques would be wel- 
comed but is not essential. 

This position is on the permanent staff 
and there is a contributory pension 
scheme in operation. Transport is pro- 
vided from the  Stretford/Sale/Altrin- 
cham areca. 

Applicants should write, giving full 
particulars of themselves, to the Chief 
Engineer, reference JRMS. 





QUEEN MARY COLLEGE 
(University of London) 


MILE END ROAD, E.1 


Applications are invited for the 
post of LECTURER in the 
NUCLEAR ENGINEERING 
LABORATORY. The _labora- 
tory is primarily engaged in 
post-graduate teaching and re- 
search. Preference to candidates 
experienced in Reactor Physics 
or Nuclear Metallurgy. Salary 
scale £900 x £50—£1,350 (effi- 
ciency bar): £1,425 x 75—£1,650 
plus London Allowance £60 
(initial salary according to qua- 
lifications and experience) with 
F.S.S.U. participation and 
family allowance of £50 for 
each child. Details and appli- 
cation form (returnable by 
April 8th) obtainable from the 
Registrar. 


QUEEN MARY COLLEGE 
(University of London) 


POSTGRADUATE DIPLOMA 
in 
NUCLEAR ENGINEERING 


A one year course of study in 
applied nucleonics and reactor 
theory will be given during the 
Academic Year 1958-9, and will 
prepare students for the above 
diploma. A_ good _ honours 
degree in Engineering, Science, 
or Mathematics is a necessary 
entry requirement. Studentships 
will be available to suitably 
qualified applicants but imme- 
diate application is necessary. 
A brochure describing the 
course can be obtained from 
the Secretary, Nuclear Engin- 
eering Laboratory, Queen Mary 
College, Mile End Road. 
London, E.1. 








THE UNIVERSITY OF 
MANCHESTER 
POST-GRADUATE 
NUCLEAR ENGINEERING 
COURSE 


The fifth POST-GRADUATE 
NUCLEAR ENGINEERING 
COURSE will be held in the 
Engineering Department of the 
Faculty of Science from May 
27th to July 4th, 1958 (inclu- 
sive). The course is intended 
for Science and Engineering 
Graduates and is of post-gradu- 
ate standard. Applications for 
entry should be sent as soon as 
possible to A. Davies, Engin- 
eering Department, The Univer- 
sity, Manchester, 13, from whom 
full details and application 
forms may be obtained. 





A.E.1.—JOHN THOMPSON 
NUCLEAR ENERGY CO. LTD., 
RADBROKE HALL, 
KNUTSFORD, CHESHIRE 


MATHEMATICIAN OR 
PROGRAMMER 


A mathematician is required for work 
on the solution by digital computer of a 
variety of transient problems associated 
with the thermodynamics and kinetics of 
nuclear reactors. Previous experience of 
numerical analysis and the application of 
digital computers is desirable but is not 
essential. Previous experience of thermo- 
dynamics calculations would be wel- 
comed. 

This position is on the permanent staff 
and there is a contributory pension 
scheme in operation. Transport is pro- 
vided from the _ Stretford/Sale/Altrin- 
cham area. 

Applicants should write giving full 
particulars of themselves to the Chief 
Engineer, quoting reference JRMS. 





COPPERAD, LTD., 
COLNBROOK, BUCKS. 


We are one of the leading 
manufacturers in the field of 
Heating and Ventilating equip- 
ment and consequently we con- 
tinually have to break new 
ground. We have a vacancy for 
a young graduate PHYSICIST 
with a flair for research in heat 
transfer and related fields. An 
attractive salary is offered 
commensurate with age and 
ability and the future prospects 
are bright. 

Apply giving full details of age, 
qualifications and experience to 
the Development Engineer, 
Copperad Ltd., Colnbrook, 
Bucks. 





SUB-CONTRACTING 





E,LECTROPOLISHING—specialists in 

electro-polishing of all sizes of stain- 
less steel fabrications at greatly reduced 
cost compared with mechanical polishing. 
Fully approved for Atomic Energy work. 
Electropol Processing Ltd., Trading 
Estate, Farnham, Surrey. 
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BINDING 


You often want to refer to 
NUCLEAR POWER . 


. » » these Easibinders will hold up to 
6 copies of NUCLEAR POWER (8 of Vol. 1) 
for quick and easy reference 


12/6 each plus |/6 postage and packing 






TO ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, WI 


Please supply Easibinders for NUCLEAR POWER (Vol. | / other Vols.) 


| 

| 

: 

| 

NAME 
ADDRESS : 
| 

| 

| 


PRICE 12/6 BINDER, | ENCLOSE 





The entire contents are protected by copyright in Great Britain and all the countr.es signatory to the Bern Convention; nothing therefrom may be reproduced 
in any manner without the written permission of Rowse Muir Publications Limited. Nuclear Power must not, without the consent—in writing—from the 
publishers, be re-sold, lent, hired out or otherwise disposed of in a mutilated condition or in any unauthorized cover, by way of trade, or annexed tw or as 
part of any other publication or advertising, literary or pictorial] matter whatsoever. Special attention is called to the fact that your acceptance of this magazine 
with notice of the above terms constitutes a contract upon these terms between you and the person who sold it or supplied it. Subscriptions to publishers Rowse 
Muir Publications Lid. Single copies UK 3/6 plus 10d. postage, 5/6 overseas, 75c US and Canada, Per annum £2.2.0 UK plus 10/- postage. £3.3.0 overseas, 


$8.0 US and Canada plus 50c postage 
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NUCLEAR 
POWER 


Many processes in volve 





moving or compressing gases, 
transferring heat 
from one fluid to another, 


Or cleaning §ases. 


Whatever the requirements may be, Howden, 

specialists in the design and manufacture of 

the necessary equipment, are confident of 
their ability to meet them. 


HOVVDEN 


JAMES HOWDEN & COMPANY LIMITED 


195, SCOTLAND STREET, GLASGOW, C5, and 
15, GROSVENOR PLACE, LONDON, S.W.1. 





TU leod(-t- 5 am te). -1 





REMOTE HANDLING EQUIPMENT 


SAVAGE AND PARSONS LIMITED 








